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A’DVERTISEMENT. 


The Committee appointed by the Royal Society to direct the publication tlu* 
Philosophical Transactions, take this opportunity to ac'cjiiaint the Public, that it 
fiilly appears, as well from the council-books and journals of the Society, as 
from repeated declarations wdiich have been made in several former Transactions, 
that the printing of them was always,»from time to time, the single net of the 
respective Secretaries, till the Forty-seventh Volume : the Society, as a Body, 
never interesting theiiiselvcs any further im their publication, than by occa- 
sionally recommending the revival of them to some of their Secretaries, wh(‘n, 
from the particular circumstances of their affairs, the Transactions had happened 
for any length of time to be intermitted. And this seems principally to havt* 
been'donc with a view to satisfy the Public, that their usiial mo('tings were then 
continued, for the improvement of knowledge, and benefit of mankind, the great 
ends of their first institution by the Royal Charters, and which they have (*ver 
since steadily pursued. * *’ 

But the Society being of late years greatly enlarged, and their communica- 
tions more numerous, it was thought advisable that a Committee of their tnein- 
bers should be appointed, to reconsider the papers read before them, and sclec't 
out of them such as they should judge most proper for publication in the future 
lyansactions; which was accordingly done upon the 26th of March 1752. And 
the grounds of their choice are, and will continue to be, the importance and 
singularity of the subjects, or the advantageous manner of treating them ; with- 
out pretending ta answer for the certainty of the facts, or propriety of the rea- 
sonings, contained in the several papers ''so published, which must still rest on 
the credit or judgment of their respective authors. 

It is likewise necessary on this occasion to remark, that it is an established 
rule of the Society, to which they will always adhere, never to give their opinion, 
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as a Body, upon any subject, either of Nature or Art, that comes before them. 
And therefore the thanks, which are frequently proposed from the Chair, to be 
given to the authors of such papers as arc read at their accustomed meetings, or 
to the persons through whose hands they received them, are to be considered in 
no other light than as a matter of civility, in return for the respect shown to the 
Society by those communications. The like also is to be said with regard to the 
several projects, inventions, and curiosities of various kinds, w^h’'-’ ex- 

hibited to the Society; the authors whereof, or those who cimi. 
quently take the liberty toVeport, and even to certify in the public newspqiers, 
that they have met with the highest applause and approbation. And therefore 
it is hoped, that no regard will hereafter be paid to such reports and public 
notices ; which in some instances have been too lightly credited, to the disho- 
nour of the Society. 
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The President and Council of the Royal Society adjudged the 
Medals for the year 1827 us follows. 


A Royal Medal to Sir Humphry Daw, Bart, for his Bakerian Lecture " On 
the relations of electrical changes,’* considered as the last link, in order of 
time, of the splendid chain of discoveries in chemical electricity, which has 
been continued for so many years of his valuable life. 

% 

A Royal Medal to M. Struve, Director of the Observatory of Dorpat, for 
his work entitled Catalogus novus Stellarum duplicium.** 

A Medal on Sir Godfrey Copusy’s donation to Dr. Prout, for his'^ paper 
entitled ** On the ultimate composition of simple alimentary substances, with 
some preliminary remarks on the analysis of organized bodies in general.** 

A Medal on Sir Godfrey Copley’s donation to Lieutenant Henry Foster, 
Royal Navy, for his magnetic and other observations made during the Arctic 
expedition to Port Bowen. 
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I. Experiments to ascertain the ratio of the magnetic forces acting on a needle 
suspended horizontally, in Paris and in London, By Captain Edward ISabine, 
(f the Royal Artillery, Secretary of the Royal Society. 


Read June 21, 1827. 

• 

XlIE magnetic needles employed in these experiments were cylinders of 0,1 G 
inch diameter, and 2,4 inches in length, polhted at the ends ; they were sus- 
pended by a single silk fibre of rather more than five inches in length. The 
box in which they Were inclosed, as a protection from the weather, was of wood, 
having at the bottom a graduated circle in ivory, rather exceeding in diameter 
the length of the needles, and over the centre of which the silk fibre was sus- 
pended. The bottom of the box being rendered horizontal by means of foot 
screws, and shown to be so by an unattached spirit level, the zeros of the circle 
were placed in the direction of the magnetic meridian, and a needle was sus- 
pended in a horizontal position. Another needle was then employed to draw 
it 50 or 60 degrees from its natural direction ; on the removal of which, the 
suspended needle resumed its direction in the ordinary process of vibration. 
The registry of the vibrations was commenced when the arc had diminished to 
30^, and continued until it was reduced to below 5® : the metho<l of registering 
the vibration will be best understood by a reference to the Tables at the close, 
and is too simple to require further explanation. The number of vibrations 
made by each nerae between the arcs of 30^ and 5^ was usually from 300 to 
400 ; and the time in which these were performed varied, in the different 
needles, from 12 to 16 minutes: the mean time of performing 100 vibrations 
between the specified arcs is the result deduced for each experiment. 

MDCCCXXVIII. B 
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CAPTAIN SABINE ON THE INTENSITY OF 


Four of the needles, Nos. IV, VIII, X, and XI, with an apparatus in dupli- 
cate, were sent to me in the summer of 1826 by Professor Hanstben of Chris- 
tiania, to be employed in obtaining the comparative magnetic intensity in 
different parts of Great Britain. Shortly after their arrival, an opportunity 
occurred of sending two of the needles. Nos. IV and XI, with an apparatus, 
to Captain Basil Hall, in Edinburgh ; by whom, assisted by Lieut. Robert 
Craioir, of the Royal Navy, the experiments numbered 12 to 16 in the sub- 
joined tables were made, in Febniary 1827 ; and the needles returned, so as to 
he included in the compamtive experiments between Paris and London. 

The two remaining needles, marked A and B, making six in all, were made, 
at my request, by Mr. Dollond, in the autumn of 1826, of the same size and 
form as those sent me by Professor Hanstebn. 

On the ;ird of December 1826, being about seven weeks before I expected 
to leave England for Paris, I made the experiments 1 to 4, with needles A and 
B, VllI and X, in the garden of^ the Horticultural Society at Chiswick ; and 
after an interval of six weeks, repeated, with the same needles, at Shernfold 
l*ark near Tunbridge Wells, on the 16th of January, the experiments 6 to 8, 
to ascertain that their magnetism had sustained no change. On the doth of 
January, fifteen days only after this second trial, three of the needles. No. VIII, 
A, and B, (No. X having been accidentally mislaid on that day,) were em- 
ployed in the garden of the Royal Observatory at PSiris, in the experiments 
numbered 9 to 1 1 ; and on the 14th of March, Nos. X and XI (which last had 
been i*eturaed by Captain Hall from Edinburgh), and the needles A and B 
repeated, were employed in the experiments numbered 17 to 20 ; in which ob- 
servations I bad the pleasure of being assisted by Mr. William Ritchie, rector 
of Tain Academy in Scotland. 

An opportunity occurring, Nos. VIII, X, and XI, were sent to England 
early in April, and the experiments numbered 21 to 24 made with those three 
needles and, with No. IV (sent by Captain Hall to London, but which had 
not been forwarded to me in Paris), in the garden of the Horticultural Society 
at ('hiswick, on the 2drd of April, by Captain Chapman of toe Royal Artillery, 
who kindly undertook this trouble at my request ; and having done so, re- 
turned them again to me at Phris. 

By Professor Hansteen's recommendation, the four needles which he had 
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sent me were kept at all times separate from each other; the two which 
Mr- Dollond made had been on the contrary kept together in a small ivory 
case ; the needles l)cing placed parallel, but not touching, the north pole of the 
one being opposed to the south pole of the other, but not connected. Being 
desirous of ascertaining the effect which separation miglit have on tlie mag* 
netism of these needles (A and B), they were removed from each other after 
the experiments of the 14th of March^^d kept apart until the 30th of April ; 
when they were again tried in the garden of the Observatory at Paris, in expe- 
riments 25 and 26, and their time of vibration was found the same as before. 
Nos. VIII and XI, which had arrived from Captain Chapman, were tried on the 
same day, Experiments 27 and 28, and Nos. IV and X, which arrived a few 
days after, on the 10th of May, in the^experiinents 29 and 30. Finally, on my 
return to England in June, the needles were agsiin taken to the garden at 
Chiswick, and the experiments 31 to 34 made on the 11th of June. 

The place of observation in the garden at Chiswick was near the middle of 
the Arboretum ; and in the garden of the Oliservatoiy at Paris, in the Cabinet 
of M. Araoo, specially constructed for magnetic observations, which he kindly 
permitted me to occupy for the purpose. 

The Tables at the close contmn the full details of the temperatures and the 
hours of the day at which the several experiments were made. It will be seen 
that the variations of temperature included at each station were very consi- 
derable ; but care was taken that the mean temperature of the seveial experi- 
ments with each needle should, in most cases at least, approach the same 
amount at London and at Paris : 


With Needle IV the mean temp, at London was 54,5 and at I^ris 62 

With Needle VHI 50 .... 52,5 

With Needle X 40,5 . . . ' . 59 

With Needle XI 54,5 .... 66,5 

With Needle A 55 .... 54 

With Needle B 54,5 .... 53 

Still the prepoHiderance of high temperatures was at P^ris ; and it is expe- 
dient therefore to reduce the several results to a nearer accord with wliat 


they would have been, had fh^ been all made at the same temperature. I 
avail myself for this purpose of a formula for the reduction of diflferent tem- 

B 2 



4 


CAPTAIN SABINE ON THE INTENSITY OF 


peratures^ which Professor IIansteen has derived from experiments made with 
a cylinder precisely similar in all respects to those which he sent to me. 
Supposing the time of n vibrations in the temperature f to be T seconds, and 
in the temperature ( to be T seconds, T = 1"^ [1—0,000165 (<'— 0]^ 1^^™- 

perature being expressed in degrees of Fahrenheit. It is possible that this re- 
duction may not be strictly correct for all cylinders of the same shape and make 
as tliut from whence it was originally derived ; but it may at least be confidently 
presumed, that the results obtained by such cylinders being corrected by it, 
will more nearly approach a strict relation to each other, than when no attempt 
is made to counteract the effect of differences of temperature : and that, view- 
ing the small ultimate amount to be compensated in the present case, this for- 
mula may be considered as being quite sufficient for the purpose. 

The following Table presents in one view the results obtained with each 
needle at tlie different stations at which they wei*e tried. 
































MAGNETISM IN PARIS AND IN LONDON. 


5 


From the results in the preceding Table it appears that when the horizontal 
iptensity in London is taken as unity, the same intensity in IHiris is shown by 
the several cylinders to be as follows : 

By Needle IV = 1 ,0732 
By Needle VIII = 1,0075 
By Needle X = 1 ,0720 
By Needle XI = 1,0723 
By Needle A=r 1,0709 
By Needle B = 1,071 7 

Mean.... 1,07137 or 1,0714. 

From the very careful observations which are regularly inailc on the dip of 
the needle at the Royal Observatory 2|t Paris, the mean dip corresponding to 
the period when these experiments were niade is known to have been 07® 58'. 
In assuming the dip at the same i)eriodiat London to have been 69® 45', which 
is allowing a diminution of 3' per annum since it was observed in 1821 to be 
70® 04', (Phil. Trans, for 1822, Art. I.) we cannot fail to be sufhciently near the 
truth for the present purpose. Hie horizontal intensity at Paris being then 
as 1,0714, to unity at London, it results that the absolute intensity of terrestrial 
magnetism was greater at London than at Paris at the period of these experi- 
ments *by about eleven parts in a thousand. 


The experiments of Captain Hall and Lieut. Craigir at Edinburgli with 
Nos. IV and XI give the following results ; 



EDINBURGH. 

I.ONDON. 1 

D^e. 

Tenp. 

Tiineof 

Vibm. 

tkm. 

Reduc- 

tion 

Corrected 
Time of 
Vib* 


Corrected 
Time of 
\ib\ 

No. IV 
No. XI 

Feb. 15, 1827. 
Feb. 15. 1827< 

o 

32 

32 

■ 

+0,46 

+0,43 


IHBSHRIH 



T 


Whence the horizontal intensity at Edinburgh, when the same intensity at 
London is taken as unity, is by 

No! = 0,95^ 1 ® Needles, 0,9505. 
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CAPTAIN SABINE ON THE INTENSITY OF 


In the Horticultural Society's Garden at Chiswick, near London : 
December dd, 1826 . 

Observer, Captain Sabine. Therm. 41®. Chron. Moltneux 407. Rate, nearly Mean Time. 


Exp. 1. Needle VIII. Hour 24 P.M. 


Time. Vib". 


Exp. 2. 


Needle X. Hour 2 P.M. 


260 Vib".m| Vib«". 



160 (47 62,8 I Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30® and 5® 
276,86 see. 



8 66 

9 29,2 

10 02,8 

10 36,6 

11 08,8 

11 42,4 

12 16,2 

13 21,2 

14 27,2 

15 32,8 

16 38,8 

17 44,8 

18 60,4 



Mean. ...10 69,26 


Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30® and 6® 
329,63 sec. 


Exp. 3. Needle A. Hour 34 P.M. | ExP. 4. Needle B. Hour 3 P.M. 


40 43,2 I 

41 08,4 
41 .*13,2 

41 68,4 

42 23,2 

42 48 

43 12,8 

44 02,8 
44 62 
46 41,6 

46 31,2 

47 20,4 

48 09,6 

48 59,2 

49 48,4 

50 37,6 

51 26,8 

52 16 


Tiino. 

300 Vib". in 

53 06,2 
63 30 

63 54,8 

64 19,2 

54 44 

66 08,4 
56 33,2 

m • 

12 22 

12 21,6 

12 21,6 

12 20,8 

12 20,1B 

12 20,4 

12 20,4 


Whence the Mean Time of 
• 100 Vibrations between 
the Arcs of 30® and 5® 
247,03 sec. 


14 33,6 
16 08,8 

15 43,6 

16 18,4 

16 63,2 

17 28 

18 02,8 

19 12 

20 21,2 

21 30,4 

22 39,6 

23 48,8 

24 68,4 


Time. 

flOOVib”. in 

m • 

26 06,8 

26 41,6 

27 16 

27 60 

28 24,4 
28 69,2 

29 33,6 

m ■ 

11 33,2 

11 32,8 

11 32,4 

11 31,6 

11 31,2 

11 31,2 

11 30,8 


Whence the Mean Time of 
100 Vibrations between 
the^rcB of 30® and 6® 

( 346,94 see. 
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In the grounds of Shemfoid Park, Frant, Sussex ; January 15th, IS 27 . 

ObHTvrr, Captain Sabikz, Thenn. 38°. Chron. Molynevx 407. Rate, Mean Time. 


Nkedlb Villa Hour S-f P.M. I ExP. (). Neidle X. Hour li P.M. 


Time. :KX) Vib”. in 


4 .*) 28,8 
44 02 
44 .35,2 


Vib*'. 

Time. 

0 

in ■ 

31 13,6 

10 

31 41,6 

20 

32 09,2 

30 

32 37, a 

40 

33 05,2 

50 

33 32,2 

60 

34 00,8 

80 

34 55,2 

100 

35 50 

120 

36 45,2 

140 

37 40,4 

160 

.38 35,2 

180 

39 29,6 

200 

40 24,4 

220 

41 19,6 

240 

42 14,4 

260 

43 09,2 

280 

44 04 



Whenco the Mean Time of 
100 Vibration! betirecn 
the Arcs of 50^ and 5*^ 
274,51 see. 




Whence the Mean Time of 
100 Vibrations between 
tlic Arcs of 50^ and 5^ 
.327.02 sec. 


Exp. 7 


Whence the Mean Time of 
100 Vibration! between 
the Area of 50^ and 5*^ 
944,44 aec. 
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In the Garden of the Observatory at Paris: Januaiy 30th, 1827. 

Observer, Captain Sabwe. Therm. 28°. Chron. Moiyneux, No. 407. Rale, Mean Time. 


Exp. 9. 


Needle VIII. Hour 11^. 


EiXP. 10. Needle A. Hour Noon. 


Vib". Time. Vib". Tfaie. SOO Vib" in I Vib". Time. Vib". Time. S00Vib“iB 
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Edinburgh: February 15th, 1827. * 

bbscrvers, Captain Basie. Hall and Lieut. Roblut Cbaioie, R.N. Therm. 32°. Barom. 30,00. 
Chron. gaining per diem. 


Exp. 12. Neldlb IV. I Exp. 13. Nklulk IV. | Exp. 14. Needle IV. 


Time. Vib”. 


8 47,5 
10 9 23,5 

20 9 58,5 

30 10 34 
40 11 09,5 

50 ’ 11 45,5 
GO 12 19,5 
80 13 29,8 

100 14 59,7 
120 15 50,0 

140 16 59,5 
160 18 09,5 
180 19 19,5 
200 20 29,5 
220 21 39,5 
240 22 49,8 
260 23 59,2 
280 25 09,0 


Exp. 15. 

Vib". I Time. 


t ^ 

o . 

a, c o 

c 6 S & 

■i o 

I a S ” 

>is 
§ ti 


Time. Vib"*. Time. 

mi m • 

33 59,5 290 50 55,5 

34 35,5 

.35 11,0 

35 45,5 


^ SI s 

I Ti i 

M S 
•ti liii »- 

JU 

o -S.s 


10 16,5 

11 26,5 

12 36,8 

13 46,8 

14 56,5 

16 06,5 

17 16.5 

18 26,5 

19 35,9 


■s 1 1 if 

S H » » 

■s §•* .? 

iag”" 

^ §9 


Needle XI. 
Vib”. Time. I 


Exp. IG. 


300 Vib” in I Vib”. 


49 41,0 

50 13,5 

50 45,5 

51 60,2 

52 54,8 

53 58,8 

55 03,5 

56 07,5 

57 12,0 

58 16,2 

59 20,0 

60 24,0 

61 28,0 



EEDLE XI. 

Time. 

300 Vib” in 

m • 

m • 

32 57 

16 04,5 

33 29 

16 04 

34 00,2 

16 02,7 

34 33 

16 03 

35 04,8 

16 02,3 

35 37,0 

16 Of 

36 09,0 

. 

I6 01,7 

Mean . . 

..16 02,9 


Whence the Mean Time of 
100 Vibrations in Arcs 
between 30° and 5° 
.320,97 sec. 
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CAPTAIN SABINE ON THE INTENSITY OF 


In the.Garden of the Observatory at Paris ; March 14th, 1827. 

Observers, Captain Sabine and Mr. Ritchie. Therm. 56°. Chron. Molyneux, No. 407. 

Rate, Mean Time. 


Exp. 17. Needle X. Hour 1 to 2 P.M. 


31 13,6 

31 46 

32 18,4 

32 50,4 

33 22,4 

33 54,8 

34 26,8 

35 30,8 

36 34,8 

37 38,8 

38 42,8 

39 46,4 

40 50 

41 54 

42 68 

44 01,6 

45 05,2 

46 08,8 


Vib«. 

Hme. 

300 Vib“ in 

300 

310 

320 

330 

340 

350 

360 

m a 

47 12,4 

47 44 

48 16 

48 48 

49 19,6 
49 il,6 
«0 23,2 

m a 

15 58,8 

15 58 

15 57,6 

15 57,6 

15 57,2 

15 56,8 

15 56,4 

Mean . . 

..15 57,5 

• 

Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30° and 5° 
319,17 sec. 


59 17i* 
59 48 
00 18,8 

00 49>6 

01 20,4 

01 50,8 

02 21,2 




Time. 


m a 

300 

310 

320 

330 

340 

350 

360 

14 31,2 

15 01,2 

15 31,6 

16 01,6 

16 32 

17 02,4 
17 32,8 




Whence the Mean Time of 
100 Vibrations l)etween 
the Arcs of 30° and 5° 
304,13 see. 


Exp. 

19. Needle A. 

Hour 2 to 3 P.M. 

Vib". 

Time. 

Vib"*, 

Time. 

300 Vib” in 


m a ra a 

38 57,2 12 03,2 

39 21,2 12 03 

39 45,2 12 02,4 

40 09,2 12 02 

40 33,2 12 02 

40 57,2 12 01,6 

41 21,2 12 01,2 


Mean.... 12 02,2 


Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30° and 5° 
240,73 sec. 



360 12 06,8 16 50,4 


.16 51,63 


Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30° and 5° 
387,21 see. 
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lu the Garden of the Horticultural Society, at Cluswick, near London ; 
April 23d, 1827. 

Observer, Captain Ciiapmak, R.A. Therm. 40®. 



Exp. 23. Needle X. Hour 2 to 3 P.M. 1 Exp. 24. Needle XI. Hour 3 P.M. 


Time. 300 Vib" in I Vib". 



Time. Vib”, 300 Vib” Id 


39 32,5 

40 05 

40 39 

41 11,5 

41 46 

42 52,5 

43 58 

45 05 

46 10,5 

47 17 

48 23 

49 29,5 

50 35,5 

51 42 

52 48 

53 53,5 


Mean.... 16 32,57 


Whence the Mean Time of 
100 Vibrations between 
tbe Arcs of 30® and 5® 
330,86 sec. 




Mean.... 15 41,93 


Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30® and 5® 
313,98 sec. 
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In the Garden of the Observatory at Paris : 

April 30th, 1827. 

Observer, Captain Sabiks. Thenn. 77^ Chron. Molyneux No. 407. Rate, Mean I'iroe. 



Exp. 27. Needle XI. Hour 5 P.M. 


Vib"*. 1 ime. Vib**. Time. 350 Vib"* in 



Mean.... 17 46,57 


Whence the Mean Time of 
too Vibrations between 
the Arcs of 30° and 5° 
S04,7.‘li see. 


41 13,6 

42 07 

43 01,2 
43 54,4 


320 

4.'i 

42 

330 

46 

09,2 

340 

46 

35,6 

.3.')0 

47 

02,4 

360 

47 

29,6 


Whenoe the Mean Time of 
100 Vibrations between 
tlie Arcs of 30° and 6° 
268.76 sec. 
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In the Garden of the Observatory at Paris : May lOtli, 1827. 

* Observer, Captain Sabine. Therm. 6i°, Cliron. Molyneux No. 407. Rate, Mean Time. 



In the Garden of the Horticultural Society nt Chiswick: June 11th, 1827. 

Observer, Captain Sabine. Therm. 60°. Chron. Molyncux No. 407. Rate, Mean Time nearly. 



IVhence the Mean Time of 
100 Vibrations between 
the Arcs of 30" and 3" 
543,21 see. 



Whence the Mean Time of 
100 Vibrations between 
the Arcs of 30" and 5" 
273,02 sec. 
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CAPTAIN SABINE ON THE INTENSITY OF MAGNETISM. 
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II. On the resistance of fluids to bodies passing through them. By Jas. Walk£k, 
Esq, F,R,S,E, Communicated by Davies Gilbert, Esq, M,P, F,P,R,S, 

Read May 31, 1827. 

Xh£ principal object of this P&pcr is to explain a'mode which I have taken 
to measure the resistance of fluids to bodies passing through them. It is, I 
believe, new ; and being more simple and less subject to error than any yet 
adopted, I have thought it my duty to*ofier it to the Royal Society, together 
with the results of the experiments I have made up to the present time. I 
intend to continue the experiments in a boat which is building for the purpose, 
with some improvement in the machine, during the ensuing summer, the only 
season in which it can well be done, nearly a perfect calm being necessary 
for making them with accuracy. 'Flie machinery is of very easy construction, 
and the description of it may, I hope, lca<] others to follow the example, and 
to prosecute the inquiry in the same manner with surfaces of various foriiiK 
and siz^. 

The resistance of fluids has long formed an interesting subject, and hiyi 
lately acquired a new importance from the introduction of steam in naviga- 
tion, rendering the ratio between power and velocity essentially necessary to 
be known. The comparison of canals with rail-roads, to which public atten- 
tion has of late been much directed, depends idso chiefly upon the ratio 
between the resistance and velocity by each of those modes of conveyance. A 
question connected with this latter subject, to which my attention has been 
professionally called, led me to make the experiments I am about to detail. 

It has been demonstrated and proved in the most satisfactory manner, by 
various experimeilts, that the resistance from friction to a carriage upon a 
road or rail-road is the same at all velocities. I know, therefore, that the 
same strmn upon a waggon which has the effect of moving it upon a rail-road 
at the rate of one mile per hour, will (after the inertia is overcome) be indi- 
cated at any other velocity at which the power is made to move ; but I have 
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not found anjr theory or experiment by which, after knowing the strain upon 
a boat moving at the rate of two miles per hour, I have been able to fix satio- 
fiictorily the strain that is exerted upon it when moving at the rate of four 
miles per hour. 

The resistance of the fluid per se increases in the duplicate ratio of the 
velocity. — Experiment has amply confirmed this theory in the abstract ; but 
there arc other ciements of resistance caused by viscidity, by friction, by the 
accumulation of the water in front and the depression towards the stem of 
the boat,4br which our ignorance of the laws which govern the internal motion 
of the fluid has prevented any correct theory from being suggested ; and the 
experiments, from their disagreement, and from the way in which they have 
been made, have not done much to supply the defect. 

The most imporiant experiments upon this subject are those of the French 
Academy in I77fl and 1778j conduct^ by Bossut and others, and those that 
wore made by the London Society for the Improvement of Naval Architecture 
between 1793 and 1798. 

The French experiments of 177C were made by means of boxes six feet in 
length (French measure), one foot wide, and two feet deep, or by the models 
of ships, of the same length, and nineteen inches wide ; the depth of immer- 
sion varied from seven to sixteen inches; the velocity and resistance were 
calculated by the time of passing over fifty feet with uniform velocity. The 
motion was communicated by means of a silken coi'd two lines and a half in 
diameter, one end of which was attached to the float, while the other end was 
passed under a pulley or sheave, and then over another sheave at the height of 
seventy-six feet,- when the weights were fastened to it. 

The moving power docs not appear in any case to have exceeded twenty- 
four pounds, nor tlie velocity two miles and a half per hour ; and with those 
velocities the friction was considered so small as scarcely to be sensible. The 
general result was, that the resistance is in the duplicate ratio of the velocity ; 
but the small velocities, the short distance, the friction of tlie sheaves, and the 
varying friction of the line dragged through the water, as well as the small 
sizes of the bodies themselves, have appeared to me objections to the applica- 
tion of the results of these experiments, especially to larger bodies and to 
higher velocities. 
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The principal object of the experiments which were made by Bossut and 
I^NDORCBT in 177 B 9 was to ascertain the difference of resistance to bodies of 
different forms: they appear to have been nihde with great care, but with 
machinery of nearly the same description as those of 177G, and subject, as Bur 
as respects what 1 had in view, to the same objections as the former ones ; 
only that the bodies were somewhat different in size, some of them being two 
feet and others four feet wide, with twjc feet depth of immersion. 

The models which the London Society used for their experiments, so far as 
they have been published, were of various lengths, but all one foot \px)ad and 
one foot deep ; and eitlicr sunk considerably under the surBire, and held there 
by bars attached to a floating body, or sunk until tlieir upper surfaces were 
just level with the water. Tliese wer^ dragged across the water in the Green- 
land (now the Commercial) Dock, by means of a line passed under a sheave to 
the top of a triangle of poles, or shear 4egs, sixty feet high, thence tlirough a 
system of pulleys, from which the box that contained the weight was suspended. 

The friction and rigidity of this machinery lind line were important, when 
the small size of the body to be moved is considered; — it appears that it 
amounted in most coses to thrice the calculated resistance of the body. A 
very small error in deducting for this must have been fatal to the accunicy of 
the experiment; and although every pains appear to have been taken to 
ascertain the deduction to be made, it is extremely difficult to get at it in all 
cases with the necessary correctness. It docs not appear that the friction 
between the water and the rope was taken into account : this alone, in so 
great a length, must have been considerable ; and not only so, but varying in 
extent in the same experiment, as the line became shorter, and different also in 
each experiment, according to the velocity. 

My object has been to get rid of the liability to error from the above causes, 
and to show at one view the amount of all the resistances opposed to the body 
under different velocities : bpt to show those resistances without mixing them 
with the friction of the line through the water, or of the machinery. 

The accompanying draunng will give a correct idea of the plan 1 took. The 
experiments were made in the middle of the East India Import Dock, which 
is 1410 feet in length, 560 feet wide, and 24 feet deep ; so that there was no 
resistance from the sides or bottom of the dodk. A spring %eighing-maphine 
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was fixed near the bow of the boat^ the dial laid horizontally^ so as to be 
easily seen by a person on board ; one end of a line three-eighths of an inch in 
diameter was attached to the hook of the spring, the other end was carried 
ashore and attached to a reel or barrel three feet in diameter, the frame of 
which was firmly fixed in the ground, and the handles of sufficient length for 
the necessary number of men to turn the barrel. The velocities were calcu- 
lated from the time of passing through 176 yards, or one-tenth of a mile ; but 
to obtain uniform velocity, the boat was at each experiment drawn over twice 
the length, and the 176 yards taken in the middle of the distance by two 
marks upon the line. The time between the two marks coming to the edge 
of the dock was carefully noted by a person stationed there for the purpose. 
Three persons at least were on board |;hc boat ; — one to read off the strain 
shown upon the dial every two seconds, one to write them down, and a third 
to stcafly the boat. An exact uniformity of motion by the men at the handles 
was obtained, after a little practice, by means of a pendulum varying in length 
(as a quick or slow motion was required) hung up in sight of the men, by the 
oscillations of which they regulated the revolution of the handles. 

It will easily be seen, that although the men who worked the barrel had to 
overcome the resistance arising from friction of the line through the water, 
and of the hearings of the barrel, the weights or strain marked by the hand or 
index of the dial on board the boat measured the resistances to the boat only. 

The cxpcriiiients in the Table A were made in a foil built boat loaded with 
two tons two cwt., exclusive of the men. Tlic length of the boat upon the 
surface of the water was eighteen feet six inches ; the breadth, six feet ; the 
depth of immersion, two feet ; the whole depth of the boat being three feet, 
leaving one foot above water, and the greatest immersed cross section nine feet. 

The experiments in Table 11 were made in the same boat as those of Table A, 
with about two tons of ballast. 

Colunin 1. is the minibcr of seconds employed |p passing 176 yards, or one- 
tenth of a mile. — Column 2. the velocity per hour expressediin miles and deci- 
mals of a mile. — Column 3. the actual measure of resistance or strain shown 
upon the dial of the machine. — ^And Column 4. the resistance calculated upon 
the ratio of the square, taking one of the experiments as a standard. 
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Table A. 


Table B. 


Nuaberof* ] 
Experiments. ] 

1. 

in 

3. 

4. 

Sicondsin 

psMinslTG 

JHtdSs 

MUHud 
dcdraali 
per hour. 

Actual re« 
bistanre in 
pounda. 

Calculated resisN 
ance in pounds, 
taking No. 5. as 
standard. 

1 

124 

2,903 

18,75 

15,04 

9 

85 

4,235 

39,50 

32,01 

3 

146 

2,465 

10,00 

10,85 

' 4 

140 

«.57i 

11,00 

11,80 

5 

145 

2,483 

11,00 

11,00 sundard 

6 

140 

2,571 

12,00 

11,80 

7 

120 

3,000 

14,00 

16,06 

8 

120 

3,000 

14,00 

16,06 


11 

1. 

2. 

3. 

4. 

Seconds in 
pstsing 1 76 
yards. 

Milesand 

decimals 
per iMur. 

Actual re- 
sistance in 
pounda. 

Calculated reaisU 
ance in pounds, 
taking Mo. 4. os 
Btandaid. 

1 

79 

4,557 

44,85 

38,59 

2 

80 

4,500 


37,64 

3 

93 

3,871 

28,07 

27,85 

4 

94 

3,830 

*7.*6 

27,26 standard 

5 

78 

4,165 

49,34 

39,59 

6 

141 

2,553 

■IMl 

12,12 

7 

142 

2,535 

9,47 

11,94 

8 

142 

2,535 

9,52 

11,94 

9 

142 

2,535 

10,10 

11,94 

10 

143 

2,517 


11,78 


As a number of the above velocities iii*c nearly the same, I have averaged 
the results. Tlic average resistance of Nos. 7) ^ und 10 (low velocities), is 
9^41 pounds : the corresponding velocity, 2,529 juiles. The average resistance 
of Nos. 1 and 2 (high velocities), is 42,50 pounds : the velocity, 4,529 miles 
per hour. The resistance calcidated hi the duplicate ratio of the velocities 
would be 38,11 pounds in place of 42,59. — ^Again, the same low velocities. 
Nos. 7 * 8 and 10, compared with No. 3 (velocity 3,871), would give, by calcu- 
lation, a resistance 22,04, while the actual resistance was 28,07. 

Tlie experiments in Table C were made in a boat twenty-eight feet in length 
(See the drawing) ; but being light, and more exposed to the action of the 
wind, the smsdler boat already described was afterwards substituted. 


Table C. 


ss| 

1. 

2. 

3. 

4. 

Seconds in 
passing 176 
yards.^ 

Miles and 
DecimaU 
per hour. 

Actual ra> 
sistance in 
pounds. 

Calcuhtcd mist- 
snee in pounds, 
taking No. l.aa 
standard. 

u 

162 

2,222 

13,08 

13,08 standard 

h9 

187 

1,925 

11,00 

9,82 

\mm 

89 

4,045 

47,26 

43,34 


87 

4,138 

49,60 

45,35 

■1 

137 

2,609 

18,10 

1 18,02 


D 2 
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A few experiments were also made in a small Thames wheny, the distance 
80 yards. The average velocity of four of these experiments was 106 yards per 
minute, or 3,60 miles per hour ; resistance 10,4 pounds : and of four others, the 
velocity was 160 yards per minute, or 5,5 miles per hour; and the resistance 
29 pounds ; while the ratio of the square of the preceding four experiments 
would have given 24,27 pounds. 

The smaller excess beyond the calculated resistance in the larger boat and 
the wherry, os compared with the other boat, I consider to have been owing to 
the form of the bow of tliose boats causing less heaping of the water in front 
of them. 

In almost every experiment, therefore, the resistance shows an increase 
amounting to the square of the velocity; but where the velocity is consi- 
derable, the resistance follows a still higher ratio, and tliis in open water. 
In narrow canals the increase must bo considerably greater. 

The excess beyond the square is to be attributed in a great degree to the 
raising of the water at the bow in high velocities, and to the depression at tlie 
stern. Tliis does not take place until the velocity is considerable ; and in the 
low velocities of the French experiments it could not be so important. 

The boats which I used were taken without any previous preparation ; my 
object being to collect all the resistances to a boat in the ordinary state when 
in use ; and the results have satisfied me, that, as respects the comparison of 
canal navigation with rail-roads, the rapid increase of resistance upon water 
brings the rail-road to a par with it at a lower velocity, than if the resistance 
upon canals were as the squares of the velocities, as hitherto calculated. 

If, with a speed of two miles and a half per hour, thirty tons upon a canal 
be equal to seven tons and a half upon a level rail-road, a speed of five miles 
per hour would, upon the principle of the square, bring the rail-road and canal 
to an equality ; while the result of the experiments makes the two modes of 
conveyance equal, considerably under four mile^er hour, and gives the rail- 
road the decided preference at all higher velocities. # 

It will be observed, from the manner in which former experiments have 
been made, that the weights employed have been in proportion to the resistance; 
that is at least to the square of tlie velocity. The way in which I made the 
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experiments, required a weight or power at least in the ratio of the cube. Thus 
if.the weight put into the scale in the former experiments produced a velocity 
1, a weight 4 produced a velocity 2 ; while in iny experiments, if one man at 
the wheel produced a velocity 1, eight men (even without regarding the excess 
beyond the commonly received theory) were required to produce a velocity 2. 
The cause is evident; and would scarcely deserve mentioning, but that it 
affords a simple way of removing the confusion I have heard and seen ex- 
pressed on the subject of the ratio of the square and the cube. As the weight 
4 descended in the scale with twice the velocity, the expense of power |)er 
second was as 8, or as the cube ; but the distance (50 or 96 feet) being |)cr- 
formed in half the number of seconds, brought the quantity of power exerted to 
pass through the given distance back tq 4. And in my case, as one man over- 
came the resistance 1, four men would be required to overcome the rcKistance 
4 with the same velocity : but the velocity being twice the former velocity, it 
required twice the power, or eight men ; tlie distance was, however, gone over 
in half the time, so that the expense of power; by doubling the velocity, was 
only as 4 to 1, os in former experiments. 8o in overcoming the friction upon 
a road or rail-road, if a fixed engine of onc-horse power move a waggon upon 
a level road one mile per hour, a two-horse power, acting through a wheel and 
pinion, or otherwise, will be required to double the speed, although the friction 
at all velocities is uniform : and ccr/em paribus, the quantity of power re- 
quired for moving a given weight a fixed distance upon land, is the same at 
all velocities ; while upon water the quantity increases considerably beyond 
the square of the velocity. 

The following statements with velocities at two and four miles per hour 
upon a road and upon water, show at one view the whole of the points. 


Land EaperimetUt, 


Velocity per hour S milef 

Diftance paised over . S iiiilea 

Power of engine required 1-hone 

Time occupied 1 hour 

Quantity of mechanic , 

power expended j * 


ffater Experimentt, 

Velocity per hour S milei 

Diitance pniicd over 2 milea 

Power of engine required . . 1-hone 

Time occupied 1 hour 

Quantity of mechanic! . 

power expended j * * * 
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Land ExpermetUt. 


Velocity per hour 4 milee 

Distance passed over * miles 

Power of engine required 2-hor8e 

Time occupied 4 hour 

Quantity of mechanic^ ^ I 

power expended j * ' 


Water Expermentt, 

Velocity per hour 4 miles 

Distance passed over 2 miles 

Powur of oigiiie 

Time occupied .4 hour 

Quantity of mechanic\ , , by theory, more 

power expended j L by experiment 


But the most remarkable difference between the experiments I have made, 
and the others to which I have referred, is the absolute measure of resistance. 
By the Fi-ciich experiments, a square foot with a velocity 1,854 mile per hour, 
had a resistance of 7)25 pounds. My experiments with a midship section of 
nine feet superficial, and the same velocity, make the resistance eleven pounds, 
or only 1,22 per foot superficial. The difference between a flat opposing sur- 
face and the form of the boats I used, will account in part for this great varia- 
tion : but on comparing another experiment of Bossut's, in which the front or 
prow IS an angle of 96^, I found the resistance nine pounds per foot, with a 
velocity under two miles and one-third per hour ; which exceeds my experi- 
ments in fully as great a proportion as the former : I am thercfoi*e disposed to 
think that much of the difference is to be ascribed to the way in which the 
experiments have hcretofoie been made, although it is certainly difficult to 
suppose so very great a disagreement from that cause alone. I have proved 
the accuracy of the weighing-machine I used ; and the mode of making the 
experiments is so simple, that I think there is little room for error. I can only 
promise to tiike advantage of the approaching season, and to communicate 
without prejudice the results of any experiments I may make in confirmation 
or correction of what 1 have already done. 
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III. On the corrections th the elements of Dblambrb's Solar Tables required btf 
the observations made at the Royal Ohsen^atoty, Greenwich, By Gborgb 
Biddell Airy, Esq. M.A.^ Fellow of Trinity College Cambridge, and Lucasian 
Professor of Mathematics in the University of Cambridge. Communicated by 

John Frederick William Herschel, Esq, U,P.R.S. 

Read December 6, I8S7. 

• 

XhE attention of the Board of Longitude having been directed to the state of 
the Solar Tables used in the const ruction*of the Nautical Almanac, the Astro- 
nomer Royal was requested to furnish the Board with a coinpanson of the 
computed and observed Right Ascensions of th(i Sun since the (section of the 
new transit instrument at Greenwich : ami I was desired to examine the discre- 
pancies with a view to the discovery of the errors in the elements of the tables. 
The papers containing this comparison I received at the beginning of June 
last ; and in the last summer, as soon as other engagements permitted, I un- 
dertook the laborious work of examining the discordances. Tlie corrections 
of the elements determined by these calculations agree in general with thorn* 
that have been obtained from other obser\"ation8 ; but in one particular, and 
that an important one, there is a very remarkable difference. The results of 
such an inquiry will perhaps be acceptable to the Royal Society ; and the sin- 
gularity of the conclusion which I have mentioned, will make it necessary for 
me to describe the manner in which I have obtained it. 

The number of observations from which this comparison is made is 1212, 
commencing on July 30, 1816, and tenninating on December 30, 1826. ^Fhe 
only interruption of any importance is one of almut three months, from Fe- 
bruary 4, to May 22, 1825. lliese do not include all that are given in the 
Greenwich Observations, but only those which are likely to have been least 
affected by irregularities of the clock, &c. in consequence of the observation of 
standard stars at no great interval. As for as the end of 1820 the observations 
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arc reduced by Dr. Maskelyne's catalogue ; after that time they are reduced 
by Mr. Pond's catalogue of 1820, in which the right ascensions of the stars are 
increased 0",31, of time. Though there is sometimes a disagreement in the 
errors for consecutive days amounting to three or four tenths of a second of 
time, (undoubtedly produced partly by the eiTors of observation and partly by 
those in the calculation of the Nautical Almanac,) yet when the skill of the 
observers and the excellence of the instrument are considered, I believe it will 
i)c allowed that this mass of observations is equal to any that has been used for 
the purpose of correcting the tables. 

A slight inspection of these errors was sufficient to indicate that a correction 
of the epochs of the sun’s longitude and of the longitude of the perigee, with 
perhaps an alteration of the equation qf die centre, would bring the calculated 
place for any one year sufficiently near to die observed place ; and with these 
corrections only I commenced my calculations. But, upon comparing the dis- 
crepancies for different years, I found that there was certainly some other source 
of irregularity ; and such could be found only in the erroneous mass assigned 
to some of the planets. ^Plie masses of Venus and Mars being the only ones 
which produce any sensible effect on the Earth’s motion, and which can be 
measured in no other way, I supposed them subject to error, and with these 
five assumed corrections the greatest part of the calculations has been made. 
A more critical examination showed that there was an error in the assigned 
mass of the moon ; but the rapidity of variation of the lunar inequality allowed 
me to determine this correction by a more simple process. 

^Suppose now O to be the observed error of the tables, the sun’s observed 
place being reduced by Dr. Maskelyne’s catalogue ; e the error of Maskelyne’s 
place of the equinox in M, or the quantity by which the right ascensions of 
all the stars in his catalogue ought to be increased, both expressed in seconds 
of time. Then O — e is the real error of the tables in Al. After January 1st, 
1821, when the observations arc reduced by Mr. Pond’s catalogue, in which 
the right ascensions are increased by ,31 of time, the error of the tables is 
O + ,31 — p. The corresponding errore in longitude, expressed in seconds of 
space, are 15 sec 23° 28' X cos* dec X O — c ; and 15 sec 23° 28' X cos* dec 
X () + ,31 — e. Now if the proper corrections were applied to the elements 
of the tables, the sum of the quantity just found, and the alteration produced 
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in the longitude by those coiTcctions, would, if the observations were accurate, 
be nothing ; and if there be no constant cause of error in the observations, 
upon adding a great number of quantities thus formed, the errors may be ex- 
pected nearly to destroy each other, and the sum may be assumed equal to 
nothing. Let X be the number of seconds of space by which the epoch of the 
sun's longitude ought to be increased ; Y the increase in seconds of the epoch 
of the longitude of perigee : Z the increase which must be made in the greatest 
equation of the centre : suppose the mass of Venus to be increased in the ratio 
of 1 ; 1 + V, and that of Mars in the ratio of 1 : 1 M. Then X — Y is the 
increase of the mean anomaly. Now the tables contain the alteration in the 
equation of the centre for an increase of 10' in the mean anomaly, and for a 
diminution of 17", 177 In the greatest (^uation of the centre. The sun’s true 
longitude then being taken from the Nautical Almanac, and his true anomaly 
found by subtracting the longitude of the perigee, the mean anomaly cor- 
responding was found in the tables, and the alterations of the equation 
of the centre for + 10' in mean anomaly and — 17 ", 1 77 >n the greatest equa- 
tion were taken out : call them a and h. Hy the alteration of epochs and 
of the equation of the centre, the tabular longitude would be increased by 
X perturbations of Venus and Mars are increiused 

each by a constant to make them always positive; (Dklambre has not mentioned 
the values of the constants, but they appear to be respectively IC"6, and G",.*! ; 
they are subtracted from the equation of the centre) : call these c and d, and 
let y* and g be the tabular perturbations. Then the real perturbations are y* — c 
and g — d ; and by increasing the masses of Venus and Mars^ the sun's tabular 
longitude would be increased by V (/— c) and M (g — d). If then we neglect 
for the present the lunar equation, which we may do, since every group of 
equations will comprehend several lunations, we shall have a series of equa- 
tions similar to the following, each of which is true excepting the errors of ob- 
servation ; 

• 

0=rlS»ec2S»28'xooa*ded + V(/-<:) + MU-rf). 


Dividing this by 1 5 sec 23« 28', and putting ^, 
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MJ T XU. 

“ n,177 X 15 X sec 23“ 28' “ IS sec 23“ 28' “ IS sec 23° 28' “ 

tion becomes 

0 = cos® decl X (5^ — + or + i * + w (/— c) + ?« — d). 

The equations thus formed weie to be divided into groups of two kinds: 
one kind in wliich the coefficient of one of tiie unknown quantities was large, 
another in which it was small or negative : and by subtracting the sum of one 
group from the sum of the other, an equation would be obtained in which the 
coefficient of that quantity would certainly be large, and in wliich the other 
coefficients probably would not be large. As there was some uncertainty 
respecting the values of c and rf, it appeared desirable to eliminate them from 
all the equations but one : this was doqe by dividing the ecpiations into gi'oups 
of c((ual numbers and subtracting one from the other. Thus the equations were 
divided into eleven groups containing 60C equations, in which the value of a 
was positive or > — 3,8 ; and edeven groups containing 806 eqiKitions, in 
which a was negative and < — 3,8 ; their difference gave this equation : 

(jS) . . . 0 = + S5,m -ex 9,382 + ^ x 150^8,9 -z x 368,68 + v X 1026,7 + to X 698,4. 

They were again divided into eleven groups containing 600 equations, in 
which the value of b was positive and > 2,5 ; and eleven groups containing 
606 equations, in which b was < 2,5 or negative : their difference gave 
(y)... 0 = - 22,785 -ex 13,832 -i/ x 174,5 + « X 13319,28 + w X 517,3 + to X 636,0. 

They were then divided into thirteen groups of 606 equations, in which the 
value of / exceeded 15,4 ; and thirteen groups of 606 equations, in which / 
was less than 15,4 : their difference gave 

(3) ... 0 = + 61,465 -ex 1,536 + y X 2905,7 + z X 95,50 + v X 6655,1 + to X 223,2. 

Similarly, they were divided into nine groups of 606 equations, in which g 
exceeded 6,3 ; and nine groups in which g was smaller : from their difference 
(0 ... 0 = + 65,860 + c X 6,678 + i/X 5706,9 + z X 3944,46 + V 439,9 + TO X 2307,2. 

Lastly, by adding together all the equations, 

(a). ..0 = - 177,278 - c X 1118,282 + (a - VC - mri) X 1212 -y x 1744,3 
4 S! X 1418,96+0 X 19319,1 + TO X 7519,8. 
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As it was probable that the epoeh of the sun’s longitude ought to be altered, 
it^was to be expected that the secular motion of the tables was incorrect. I 
had supposed, however, that this error might be neglected in the investiga- 
tions, and that the results M'oiild be sufficiently accurate for the mean time of 
the observations : but an examination of the groups showed that tliis was not 
the case. The equations in which the coefficients of .v and those of // were 
alternately positive and negative, as well as those in which tlie coefficients of v 
were alternately great and small, were distributed with tolerable uniformity 
over the sevend years. But it was not so 'with those in which the coefficients 
of m were alternately large and small. A single gi’oiip in which the coefficients 
of m were large, extended over nearly two years at the beginning of the period 
of the observations, and comprehcnde(l 2U) observations. The ecpiation then 
(s) intended to have the coefficient of m large, would be of the same natui'c as 
if the sum of the equations for several years were subtracted from the sum of 
the equations for several years previous ; and would thcirforc be iiiucli affected 
by the eiTor in the secular motion. This wjis taken into account in the fol- 
lowing manner: let S be the number of seconds of space by which the secular 
motion ought to be increased ; and let X now represent the correction of the 
epoch for 1810. Then in q yeara after 1816 the tabular longitude would have 

been greater, had the secular motion been correct, by ^ ; and in r years by 

7* IS * 

100* interval N observations had been made, distributed almost 

uniformly over the interval, the sum of all the increments of the tabular longi- 
tude would have been nearly ^ + [^) “ 200 ’^ seconds of 

space. By this quantity the errors of the tables (in the original equations con- 
taining X, Y, &c.) ought to be increased : and therefore, in the equations con- 
taining X, y, &c. they ought to be increased ^>7 aoooT^^lFsI? ^ ^ 

Let rrrr — = p I then the first term of each group, (in which N is the 

number of equations, and q and r the years and fractions of years from the 
beginning of 1816 to the first and last oliservation respectively, of that group,) 
must be increased byp X N (</ + r). Applying this to all the groups, it is 
found that (a) ought to be increased by + 1405 \ .p\ (|3) by — 220 .p\ (y) by 
+ 393 .p ; (i) by - 241 .p ; and (i) by - 3817 -p- 
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Solving the equations thus augmented^ we find 


J — PC 

-md=*,Sins +«x,9696 -p x S4,18S 


- ,0043027 + ex ,000964 - p X 

,0697 

« = 

,0029488 + e X ,001419 — p X 

,1278 

V = 

- ,006674 +€ X ,000049 - p X 

,0004 

m at 

-,021682 -c X ,00775 +p X 

2,042 


And (supposing c = 16,6, d = 6,5), x = ,12547 + e X ,9200 ^ p X 10,915 ; 
whence 

Xs+ 2, 0518 +« X 15,045 - S X ,05458 
Y = + 44,2690 + e X 5,589 + S X ,1545 
Z = - ,8283 -ex ,899 + S X ,01096 

Vs- ,1091 + e X ,0008 - S X ,000002 
M =» - ,3546 -ex ,1^67 + S x ,01021 

in which X, Y, Z, and S are expressed in seconds of space, and e in seconds of 
time. 

The Astronomer Royal, in his latest catalogue, has made e = tf',20. To 
determine S we have the following data. From the researches of M. Bcrck- 
HARDT (Conn, des Terns, 1816 ,) it appears that the correction of the epoch in 
1 / 83 , using Maskelyne's catalogue, was 0",25 ; in 1801 , 0 ", 8 . And from the 
expression above for X it appears that the correction, using Maskelyne’s cata- 
logue, was + 2,05 in 1816 + 5,458 years, or in the middle of 1821 , The com- 
parison of this with the correction for 1783 gives S = 4^,7 • the comparison 
udth that for 1801 pves S = 6 ", 1 . Now if there be in the sun’s motion any 
inequality of long period, the value of S which is wanted here is not the real 
increase of mean secular motion, but that which, independent of the inequalities 
taken into account in the tables, but including all others, applies to the period 
of the obser\'ations. I have therefore taken S = 6",p. After these substi- 
tutions I find that 

'fhe epoch for 1816 ought to be increased by 4", 734; or, more exactly, free 
from any uncertainty respecting the value of S, the epoch for 1821,5 
ought to be increased by 5'',061. 

The epoch of the perigee ought to be increased by 46",3. 

(Tliese epochs are to be measured from the equinoxial point adopted by 
Mr. Pond in his catalogue of 1826.) 
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The greatest equation of the centre ought to be diminished by 0",84. 

T}ie mass of Venus ought to be reduced in the proportion of 10000 : 891 or 
9 : 8 nearly. 

The mass of Mars ought to be reduced in the proportion of 10000:6813, or 
22 : 15 nearly. 

Hitherto I have not considered the possible error in the coefficient of the lunar 
equation. The variations of this equation are so much more rapid than any 
of the others, that the other corrections may be determined independently 
of it, and it can be determined independently of them, and even without 
reducing the errors to errors of longitude. 1 have merely arranged the 
observed errors in M from the middle of 1816 to the end of 1820 in two 
groups, one comprehending all the observations between new moon and 
full, and the other all the observations between full moon and new ; from 
each group 1 have found a mean, and have taken the difference of the 
means. The same has been done from the beginning of 1821 to the end of 
1 826. Thus, to the end of 1 820, 

Mean of 248 errors between new moon and full = — ,0825. 

Mean of 265 errors between fall moon and new s — ,1609. 

Excess of the former + ,0784 in seconds of time. 

After 1820. 

Mean of 374 errors between new moon and full = —,4493. 

Mean of 325 errors between full moon and new = — ,5445. 

Excess of the former + ,0952. 

Mean of the whole ,0881 in seconds of time, equivalent to 1^322 of space. 

To find the alteration which this requires in the coefficient of the lunar 
equation, suppose A to be that alteration : then the correction to the sun’s lon- 
gitude would be very nearly k X sin diff. long, of sun and moon. Now in 
the number of obilsrvations that we have taken, we may suppose that the dif- 
ference of longitudes of the sun and moon has had different values between O*’ 
and 360^ without any remarkable preponderance of any particular values. 
To reduce this to calculation, suppose while the angle increased from o to r, 



30 


PROFESSOR AIRY ON THE CORRECTIONS IN 


n observations were made at the intervals then we must find the mean of 


2ir 


the quantities ft sin - , A sin &c. up to ft sin 7 : in other words we must firid 


the value of ~ 2 sin — . 

n n 


Now 2 sin — = — 

n 


COSJ? — 4 - - 

■ *1 


.r=w+l is 


2cos ^ 
2n 


« • ^ 
2sin-- 
2n 


■ : which from = 1 to 


2 sin 


2n 


?r 

tan - - 
2n 

2k 


and the mean = - 


2ft 


which when n is very 


2;! tan 


2n 


great becomes nearly = — . This then is the mean quantity by which the 

longitudes between new moon and full, so far as they depend on this equation, 

2ft 

are too great, and similarly — is the mean quantity by wliich the longitudes 

^ • • ^ft 

between full moon and new are too small. Taking the difference then, = 

t ^ 

difference of mean errors = 1",322 ; whence ft = 1^04. And since the sun’s 
longitude, as far as it depends on this, is too great between new moon and 
full, at which time the lunar equation increases the longitude, it follows that 
the coefficient of the lunar equation ought to be diminished by 1",04. The 
coefficient in Delambre’s tables is 7^5 : hence, if the moon’s parallax be not 
altered, the quotient of the moon’s mass by the moon’s mass + the earth’s 
mass is to be diminished in the ratio of 29 : 25 nearly. 

If these deductions could be relied on, we should have 

1 


Mass of Venus = 
Mass of Mars = 

Mass of the Moon = 


401211 

1 

S7S4602 
1 

80,4 


X that of the Sun. 
X that of the Sun. 


X that of the Earth. 


And the limits of the errors of Delambhe’s tables, roughly estimated, would 
be as follows. 

Error in epoch for 1830 *. . . — 6", 6 

Greatest error from error in place of perigee . . . ± 1^5 1 
Greatest error from error in greatest equation of centre ± 0 ,8 J 
Greatest error from the combination of these ± I >7 



THE ELEMENTS OF THE SOLAR TABLES. 31 

Greatest error from cn*or in moss of Venus ± 1",5 

Greatest error from error in moss of Mars ± 1 ,9 

Greatest error from error in mass of tlic Moon ± 1 ,0 

Greatest possible negative error — 1 1",7 

Greatest possible positive error -f- 0'',5 


I shall now compare these results with those which have been found from 
an examination of some of Dr. Maskelyne*s observations. 

In the Connaissanee des Terns for 181C, M. Uurckiiardt has given the 
results of a comparison of Delambre's tables with nearly four thousand of 
Maskelynk*s observations, extending from 177*1 to 1810. Tlie following are 
his most important conclusions. 

1st. The con-ection of the epoch in I80f was + 0”,8. In + 0",25. In 
1732, — 3",0. The latter was found fromJllO of Bradley's ol)servations, 
and the result seems doubtful, from the unecitainty of the reductions. 

2nd. The correction of the longitude of the perigee in I7B3 was + 25" ; in 1801 
it was — 2", 7. If these places of the perigee be uscil, tlie variable t)art of 
aberration is not to be applied, in order to find the sun's apparent place. 
3rd. The correction of the greatest equation of the centre in 1783 was — 0", 84 ; 
and in 1801, — l",23. 

4th. The coefficient of the lunar equation to be diminished from 7"j3 to G",8. 
5th. The mass of Venus to be diminished th. 

6th. The mass of Mars to be diminished : which produces an almost in- 
sensible eifcct on the sun's longitude. 

The general agreement of my conclusions with tliosc of M. Burckhardt is 
highly satisfactory, llic correction of the equation of the centre and the 
diminution of the mass of Venus are absolutely the same : the diminution of 
the coefficient of the lunar equation differs very little. In the diminution of 
the mass of Mars there is a sensible difference : and though my equation for 
m is not so ffivourable for its exact determination as those for and v, yet I 
am inclined to think that M. Burckhardt's diminution is not sufficient. The 
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slight disagreement in the increase of secular motion deduced from the com- 
parison of my correction of the epoch with the two given by M. Burckhardt, 
(a correction which in general is liable to less uncertainty than any other,) 
seems to show that there is still some very small inequality in the sun's motion 
not included in the tables. 

But our deductions as to the cori^ction of the place of the perigee do not 
present the same agreement. It must be observed that the variable part of 
aberration is included in the longitude given by M. Burckhardt's corrected 
perigee. Now the effect of this variable part is the same as if the longitude of 
tlie perigee were increased by 10'',i. Consequently M. Borckhardt’s cor- 
rection of the perigee ought to be diminished by 10'',1. Thus we have, 

Correction of perigee in 1783, + 14", 9 
Correction of perigee in 1801, — 12", 8 
Correction of perigee in 1821, + 46",3 

The motion of the perigee then appears to be of the most irregular kind. Of 
the accuracy of the correction for 1816, as established by Mr. Pond’s obser- 
vations, thei-e can be no doubt. Independently of the very great care which 
has been used, by systematic checks on every part of the operations, to insure 
accuracy in the numerical calculations, it is sufficient to glance at the dis- 
crepancies of the observed and calculated iR, in order to see that the longitude 
of the perigee must be increased. The negative errors of the tables are in- 
variably greatest in summer. The necessity of diminishing the masses of 
Venus and Mars, and even of diminishing the equation of the centre, is not 
evident till the equations are formed : but the error and the kind of error in 
the place of the perigee will never he doubted by any one who has seen the 
observations. The equation also (|S) in which the coefficient ofy is large, is 
very favourable for its exact determination. 

I can see only two ways in which this singular irregularity can be accounted 
for. One is by supposing that the term in the motion of the perigee which 
depends on the square of the time is incorrectly calculated. I have too much 
confidence in the accuracy of the results in the M4canique Celeste to suppose 
there the existence of an error sufficiently great. The other is by supposing 
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some yet undiscovered inequality of the form a . sin (b^+c) where ^ is the sun's 
mean longitude and b a coefficient differing very little from unity. Tliis I 
suspect to be the true cause of the discordance of theory and observation. 

The corrections which I have stated as the result of this examination differ 
in some degree from those deduced in the Phil. Trans, for 1827, p. 65, &c. 
from Mr. South's observations. The smallness of the number of observations 
there used, and the rejection of any alteration of the planetary perturbations, 
are sufficient to account for this difference. 

G. B. Airy. 

Trinity College^ Cambridge^ 

Oci. 3rd, 1827. 


POSTSClllPT. 

I have the satisfaction of stating to the RoyAl Society, that since the com- 
munication of the paper above, my conjecture with regard to the origin of one 
of the irregularities noticed in it has been completely verified. Upon examina- 
tion of the planetary theory, 1 find that in consequence of the action of Venus, 
the Earth's motion in longitude is affected with an inequality for which the 
expression, taking the mass of Venus as determined in this paper, is 

X sin^l^S X mean long. Venus — IS x mean long. Earth + 39® 57' 

The period of this inequality is about 240 years. Tliis term accounts com- 
pletely for the difference in the secular motions given by the comparison of the 
epochs of 1783 and 1821, and by that of the epochs of 1801 and 1821. From 
the known relations of terms in the investigations of physical astronomy, it 
will be seen that there must be iii the expression for the Earth's longitude, 
terms, probably sensible, of the forms 

A • sin •Ts.x mean long. Venus — IS x mean long. Earth + bJ*, 
and 

C.ain-^li X mean long. Earth — 8 x mean long. Venus + ; 

and tlitcfle may aecount for the akeratioh of the equation of the centre, and the 
irregular motion of the perigee. The earth’s latitude also must be affected 

MDCCCXXVlll. V 
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with similar terms. I have been prevented from calculating these terms^ and 
from extending the former so as to include the parts depending on the secular 
variations of the elements^ and even from examining some parts so carefully as 
1 could wish^ by the excessive labour attending these investigations. The teim 
calculated is of the 5th order ; and I believe it may be fairly stated that the 
labour of the calculation is twenty times as great as for the long inequality of 
Saturn^ and far greater than for any term hitherto treated of. I shall resume 
the investigations as soon as I have sufficient leisure and spirits : and I propose 
then to lay before the Society a more detailed aceount of the calculation. 


Trinity College, 
December 16f//, 1827. 


G. B. Airv. 


Erratum in the Paper on Mr. South’s observations. 


In Uie Phil. Trans, for 1827, page 69, line lC,-/or 1* 30®, 4* 30®, 7' SO®, 10' 30®, —read V 15®, 
4* 15®, 7* 15®, 10* 15®. This error has not affected the calculations. 
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IV. Experiments to determine the differ&ice in the length of the seconds pen- 
dulum in London and in Paris. By Captain Eowaho Sabine^ of the Royal 
Artillery i Secretary of tlte Royal Society. Communicated by Thomas Young, 
M J)., Foreign Secretary to the Royal Society^ and Secretary to the Board of 
Longitude. 


Read November 15, 1827. 

Xh£ length of the pendulum vibrnt^ng seconds having been measured in 
London by the method and apparatus of Katbr, and in Pliris by those of Borda 
and Biot, and the standards of linear measure of tiie two countries having been 
referred respectively to those measurements for future verification, an endea- 
vour was made by M. Arago in 1817 Rnd IHlBrat the instance of the Bureau 
des Longitudes, to bring the lengths so measured into dii-cct comparison with 
each other, by ascertaining, by means of invariable pendulums conveyed inter- 
mediately between Paris and London, the difference of length that actually 
exists between the pendulums at those places ; which difference ought also to 
be that between the absolute measurements. 

From a summary account of the proceedings on that occasion, published at 
the close of the 3rd volume of the Base du Syst^me Mfitrique, we learn that from 
certain accidental causes therein noticed, the rates of the pendulums employed 
were not obtained udth sufficient precision to make the result conclusive. 

By the indulgence of the Duke of Wellington, Master General of the Ord- 
nance, the leave of absence from my regiment, under which 1 had completed 
my former pendulum experiments, was continued whilst 1 should have the 
means of employing myself usefully. No better mode of doing so presented 
itself, with such nieans as were within my command, than to carry into effect 
a purpose which had been deemed of sufficient importance to have been recom- 
mended by the Bureau des Longitudes, and undertaken by M. Arago. 

M. Schumacher had requested me to procure for him an invariable pen- 
dulum similar to those I had employed in my own experiments, and to ascer- 

f2 



36 CAPTAIN SABINB’B E3UPERIMENTS ON THE DIPPERBNCE IN THE 

tain its rate at Mr. Browne's house in London, before it should be sent to him 
at Altona. Having communicated to M. Schumacher my wish to use tMs 
pendulum in the comparison between London and Paris, I received his most 
ready consent ; although it would occasion a delay of some months in the 
period of the pendulum's reaching him. My intention being also known to 
the Board of Longitude, I obtained permission to employ a pendulum belong- 
ing to the Board, which had been made at the same time as M. Schumacher's, 
to replace the one formerly lent to Captain Hall, and since supplied at the 
request of the Russian Government, to Captain Lutkb of the Russian Navy, on 
a scientific voyage to the Pacific. The Board's pendulum was marked No. 7, 
and M. Schumacher's No. 8. Each was accompanied by an iron tripod stand, 
and the usual apparatus of agate planes, thermometers, &c. ; and with M. Schu- 
macher's was a tripod stand of oak, designed to* support the clock used in the 
observation of coincidences. The tripod stands of the clock and pendulums 
were in all respects similar to those I had used in my former experiments, 
which renders a particular description of them here unnecessary. The instru- 
ments were forwarded to me at Paris by Mr. Jones their maker, early in the year, 
so as to be in readiness to commence the experiments when the spring should 
be sufficiently advanced ; and by the good offices of M. Arago they passed the 
Custom-house at Calais with no other inconvenience than a short delay. 

From the moment that my intention was known at Paris, the utmost desire 
was shown by the gentlemen of the Royal Observatory to afford me every pos- 
sible facility and accommodation. The Salle de la M^ridienne, in which 
M. Biot's experiments had been made, was placed at my disposal ; and one of 
the pendulum stands was established, as near as its shape would permit, to the 
very spot in which bis measurement had been made. A clock which had been 
previously used in pendulum experiments was supplied for the observation of 
coincidences ; and its doily rate was ascertained with the necessary exactness 
by M. Mathieu, by comparing it at intervals of twelve hours with the transit 
clock of the Observatory. Having assured myself by trial 6n the 27th of Xpril 
that all parts of the apparatus were in order to commence, the dispositions 
being in every particular the same as those 1 had adopted in my firmer expa* 
riments, and the weather having apparently set in mild and steady,* the obser* 
vations were begun on the following, day. > * 
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No. I. of the Tables forming an Appendix to this Faper^ contains an account 
of the daily rate of the clock used in observing coincidences, from the 97th of 
April to the 10th of May inclusive, and is given precisely as 1 received it from 
M. Mathieu. In Table II. are contidned the particulars of thirteen distinct 
determinations of the rate of pendulum No. 8 obtained by the method of coin- 
cidences. In twelve of these the knife edge of the pendulum rested on its own 
agate planes, and in the thirteenth experiment on those belonging to No. 7* 
The planes were numbered according to the pendulums to which they be- 
longed. Of the thirteen determinations, four were obtained by M. Mathieu, 
four by M. Nicollet, three by myself, one conjointly by M. Nicollet and 
M. Savary, and one conjointly by M. Savary and myself. Corrected for the 
arcs of vibration and for the buoyancy of the air, and reduced to a common 
temperature of 58** Fahr., being the mean of all the temperatures at which 
they were made, the results were as follows : 


Experiment 1. M. Mathieu . . . . ^ . 

Experiment 2. Captain Sabine 

Experiment 3. M. Nicollet 

Experiment 4. M. Mathieu 

Experiment 5. M. Nicollet 

Experiment 6. Captain Sabine 

Experiment 7- M. Mathieu 

Experiment 8. M. Nicollet 

Experiment 9. Captain Sabine 

Experiment 10. M. Mathieu 

Experiment 11. MM. Nicollet and Savary . 
Experiment 12. M. Savary and Captain Sabine 
Experiment 13. M. Nicollet 


85922,12 Vibrations. 
85922,40 Vibrations. 
85922,33 Vibrations. 
85922,28 Vibrations. 
85922,56 Vibrations. 
85922,54 Vibrations. 
85921,51 Vibrations. 
85921,81 Vibrations. 
85921,95 Vibrations. 
85921,88 Vibrations. 

85921.90 Vibrations. 

85921.91 Vibrations. 
85922,65 Vibrations. 


IMile III. contaiiis the partioulars of thirteen determinations of the rate of 
pefflulum No» 7> olitdned also by the method of coincidences. In eleven of 
these the knife edge rested on the planes of No. 8, and in the two others on its 
own planes. la addition to Uie gentlemen who favoured me with their co- 
operation* in the eqieriihents widi the pendulum No. 8, I had the pleasure 
of being joined in those with this pendulum by Captains FaxYciNET and 
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Duperrey ; whose voyages round the worlds specially devoted to the scicsices^ 
have done so much honour to their country and to themselves^ and have con- 
tributed so largely to the extension of pendulum experiments in particular. 
Of the thirteen determinations^-Hsix were obtained by M. Mathieu^ three by 
M. Nicollet, one by M. Savary, one by Captain Freycinbt^ one by Captain 
Duperrey, and one by myself. Corrected for the arcs and for the buoyancy of 
the air, and reduced to a common temperature of 60^ Fahr., being the mean 
temperature at which they were made, the results are as follows : 

Experiment 1. M. Mathieu 85933,81 Vibrations. 

Experiment 2. 'M. Nicollet 85934,15 Vibrations. 

Experiment 3. Captain Sabine .... 85934,09 Vibrations. 

Experiment 4. M. Mathieu .*.... 85933,93 Vibrations. 

Experiment 5. M. Mathieu 85934,14 Vibrations. 

Experiment 6 . Captain Duperrey . . . 85934,40 Vibrations. 

Experiment 7* M. Mathieu 85933,92 Vibrations. 

Experiment 8. M. Nicollet 85934,19 Vibrations. 

Experiment 9. Captain Frkycinet . . . 85934>21 Vibrations. 

Experiment 10. M. Mathieu 85933,96 Vibrations. 

Experiment 11. M. Nicollet 85934,30 Vibrations. 

^ Experiment 12. M. Mathieu 85934,77 Vibrations. 

Experiment 13. M. Savary 85934,83 Vibrations. 

Wliilst each of the pendulums was thus in its turn employed in the observa- 
tion of coincidences, a series of experiments was at the same time carrying on 
with the other to ascertain its rate by means of a journeyman clock or counter ; 
the second tripod stand being placed for that purpose on the opposite side of 
the room. This method was employed by Captains Freycinet and Duper- 
rey in the pendulum experiments made during their voyages ; and though 
inferior to that of coincidences in the approximation and accordance of indi- 
vidual results, there appears no reason to doubt that by sufficiently multipl^g 
the observations it would conduct to the same jnean determination. In the 
present case five results only were obtained with No. 8, and a like number with 
No. 7* Those with No. 8, although exhibiting discordances with each other 
exceeding two seconds in amount, afford a mean i^proacfaing within three 
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tenths of a second of that furnished by the coincidences. The particulars of 
these are g^ven in Table V, and of those with pendulum No. 7 in Table IV. 
The whole of these experiments were conducted by M. Mathieu^ assisted 
either by M. Nicollet, M. Savary, or myself, as two observers are requisite in 
this method, llie planes of No. ^ were used throughout, except in the last 
experiment with pendulum No. 8. The thermometer, and the arc by which the 
amplitude of vibration was registered, were carefully compared, and found to 
agree with those used in the experiments by the other method. Each com- 
parison of the clock and counter entered in tlic Tables is a mean of eleven ob- 
servations. The several results with each pendulum coyected for the arc and 
for the buoyancy of the atmosphere, and reduced to the same common tem- 
perature respectively as those obtained.by the coincidences, are as follows : 


Pendulum No, 8. 

Exiierlmcnt 1. 85920,87 Vibrations. 
Experiment 2. 85921,15 Vibrations. 
Experiment 3. 85921,34 Vibrations. 
Experiment 4. 85922,73 Vibrations. 
Experiment 5. 85923,18 Vibrations. 


Pendulum No. J. 

Experiment 1. 85933,49 Vibrations. 
Experiment 2. 85932,86 Vibrations. 
Experiment 3. 85931,88 Vibrations. 
Experiment 4. 85933,01 Vibrations. 
Experiment 5. 85932,92 Vibrations. 


It appears then as the mean result of eighteen distinct experiments with 
each pendulum, — thirteen obtained by the method of coincidences, and livc*by 
the counter, — that the pendulum No. 8 would perform 85922,06 vibrations at 
68® Fahr., and pendulum No. 7, 85933,83 vibiatioiis at 60® Pahr., in twenty- 
four hours of mean solar time, in a vacuum, at the spot in which M. Biot 
measured the length of the seconds pendulum at Paris. 


Early in September, the pendulums and stands having been conveyed from 
l^ris to London by water, as the least expensive mode of transport and that 
in #faich the pendalums were least likely to be injured, and the summer tem- 
perature haying lowered to nearly the same average as during the period of 
observation at Paris, the comparative experiments in Portland Place were 
cqmm^ced. Mr. Browne’s absence from London at that season of the year 
haying deprived me of the valuable assistaiice I have been accustomed to re- 
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ceive from him on similar occasions^ in his very exact determination of thC 
daily rate of his clocks^ I employed for that purpose a small transit instrument 
of my own^ placed in a temporary observatory which Mr. Browne has built 
on the top of his house. With this instrument the rate of Mr. Browne’s 
clock by Molyneux was determined between the 12th and 23rd of September 
as is shown in Tables VI, VII, and VIII ; and the rate of his clock by Gumming, 
with which the coincidences were observed, was obtained by the morning and 
evening comparisons with Molyneux entered in Table IX. It will be seen by 
this table that the difference in the time shown by the two clocks between the 
12th and 21st of September never exceeded 29*, 9 or feU short of 29*, 7 : an 
additional instance of the steady going of those clocks, of which so many 
former proofs arc on record. The comparisons in this Table afford also a 
very satisfactoty presumption that a detached pendulum vibrating in front of 
the pendulum of a clock, as in the. observation of coincidences, has no per- 
ceptible influence on the going of the clock : the detached pendulum in this 
case was kept in almost continual vibration, as may be seen by Tables X. and 
XI. between the morning and evening comparisons, and was always at rest 
between the evening and the morning : the effect of its motion on the clock, if 
indeed there was any effect at all, was perfectly insensible. The transit obser- 
vations give reason to conclude timt the trifling gain of Gumming on Molyneux 
onthe 21st, 22nd, and 23rd of September, by which their difference was gra- 
dually increased to dO’,6 at 10 P.M. on the 2drd September, was an increase in 
the rate of Gumming rather than a diminution in that of Molyneux ; and it is 
accordingly so considered in the daily rate of Gumming deduced in Table IX. 
from the comparisons with Molyneux. 

In Tables X. and XI. are contained the particulars of twelve results obtained 
with pendulum No. 7^ Rnd of ten with pendulum No. 8, all by the method of 
coincidences ; the pendulums being used at the same spot in which Captain 
Raters measurement of the length of the seconds pendulum was made. The 
agate planes of No. 8 were employed as at Paris in the greater part of the ex- 
periments ; the two last with each pendulum being the only experiments in 
which the planes of No. 7 were used. The thermometer was the same as at 
Paris, and suspended precisely at the same distance below the knife edge, 
llie arc for noting the amplitude of vibration was also the same. Of the 
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twelve experiments with pendulum No. 7« two were made by M. Qurtrlbt of 
Brussels (who has since undertaken a series of pendulum experiments at the 
pnncipal cities of the Netherlands), and the remainder by myself. Of the ten 
with pendulum No. 8, two were mode by M. Qurtrlbt, one by Captain 
Chapman of the Royal Artillery, and the others by myself. 1 had greatly to 
regret the absence from London of Mr. Daily, and of Captain Beaufort, R.N., 
Fellows of the Royal Society, who had otherwise promised me their coopera- 
tion. The results corrected for the arcs of vibration and for the buoyancy of 
the atmosphere, and reduced to a common tem|)erature of 63° Fahr., being 
the mean at which they were made, are as follows : 





-Experiment 1 . 
Experiment 2. 
Experiment 3. 
Experiment 4. 
Experiment 5. 
Experiment 6. 
Experiment 7* 
Experiment 8. 
Experiment 9. 
Experiment 10. 
Experiment 11. 
'Experiment 12. 


Captain S^bink. 
Captain Sabine. 
Captain Sabine. 
Captain Sabine. 
Captain Sabine. 
Captain Sabine. 
Captain Sabine. 
Captain Sabine. 
M. Quetelet. 
Captain Sabine. 
M. Quetelet. 
Captain Sabine. 


85944,61 vibrations. 
85944,48 vibrations. 
85944,55 vibrations. 
85944,64 vibrations. 
85944,55 vibrations. 
85944,63 vibrations. 
85944,41 vibrations. 
85944,72 vibrations. 
85944,79 vibrations. 
85944,60 vibrations. ^ 
85944,71 vibrations. 
85944,50 vibrations. 


00 



"Experiment 1. . 
Experiment 2. . 
Experiment 8. . 
Experiment 4. . 
E«pe^ent 6. . 
Eiqpeninent* *6. . 
Experiment 7* • 
Experiment 8. v 
Eii^eriniAnt' 9; . 
^ExperimentiKk'^ ' 


MDCCCXXVllI. 


. Captain Sabine. 

. Captain Sabinr. 

. Captain Sabine. 

Captain Sabinr. 

. M. Qubtblbt. . . 
. M. QurtriiBt. . . 
. Captain Sabinr. 

. Captain Sabinr. 

• Captain Sabinr. . 
. CepfniiLCBAFMAN. • 
o 


85932,05 vibrations. 
85932,09 vibrations. 
85932,04 vibrations. 
85982,00 vibrations. 
85932,17 vibrations. 
85932,29 vibrations. 
85932,13 vibrations. 
85931,93 vibrations. 

85981.84 vibrations. 

86931.85 vibrations. 
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It appears then^ by these experiments^ that the pendulum No. ^ would make 
85944,60 vibrations at 63^ Fahr., and the pendulum No. 8, 85932,04 at 63^, 
in 24 hours of mean solar time, in a vacuum, at the spot in which Captain 
Kater measured the length of the seconds pendulum in London. 


We have, therefore, for pendulum No. 7* 85933,83 vibrations at 60^ Fahr. 
in Paris, and 85944,60 vibrations at 63^ in London ; and for pendulum No. 8, 
85922,06 vibrations at 58° at Paris, and 85932,04 vibrations at 63^ in London. 

Employing 0,421 of a vibration per diem as the equivalent to one degree of 
Fahrenheit’s scale (according to the result of the experiments made with two 
similar pendulums, of which the particulars are related in the volume of my 
former pendulum experiments, pages ^98 — ^208), and reducing the vibrations 
in Paris and in London to a common temperature of 60% we have 


For Pendulum No. 7* For Pendulum No. 8. 

In Paris .... 85933,83 85921,22 

In London . . . 85945,80 85933,30 

Whence the accelerations . . 12,03 12,08 


The mean acceleration is 12,05. — Such is the result obtained by taking into 
account the experiments made by means of the counter as well as those by the 
observation of coincidences ; and with the agate planes belonging to No. 7> as 
well as with those belonging to No. 8 : that is to say, all the experiments made 
with either pendulum. 

Should we confine ourselves to that portion of the experiments alone in 
which the method of coincidences was followed and the planes of No. 8 em- 
ployed, we obtain as the mean of eleven distinct results in Pdris and ten in 
London with pendulum No. 7) twelve in Paris and seven in London with 
pendulum No. 8, an acceleration of 1 1,93 vibrations. Finally, therefore, if we 
regard in round numbers 12 seconds as the acceleration* between Faria and 
London, we are warranted by these experiments in considering one teiith of 
a second, per diem, as the limit of probable error, and^that it is extremely 
unlikely that the error should amount to two tenths of a second. 
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The length of the seconds pendulum in Mr. Browne's house in London, 
by Katbr's measurement, is 39,13908 ; and in the Salle de la Mdridieiine in 
the Observatory at Paris, by Biot's measurement, 39,12843. The difference of 
these two numbers is ,01065, corresponding to an accelemtion of 1 1,76 seconds. 
Tlie difference in the length of the seconds pendulum in London and in Paris, 
equivalent to an acceleration of 12 seconds, is ,01088. Captain Katbr's 
measurement in London, transferred to Paris by means of an acceleration of 
)2 seconds, would make the pendulum in Paris 39,12820, instead of 39,12843, 
the determination of M. Biot : and M. Biot's measurement, transferred in like 
manner to London, would make its pendulum 39,13931, instead of 39,13908 
as measured by Katbr. 

It is fitting that I should notice the original measurement of the length of 
the seconds pendulum in the Observatory at Paris, miide in 1792 by M. Borua. 
The result he obtained was 39,12776; l>nt as his experiments were made in 
the basement story of the Observatory, which is two stories lower than the 
Salle de la MiSridienne, a compensation of ,00012, equivalent to something 
more than 30 feet, may be supposed to place M. Borda's result in fair com- 
parison with M. Biot’s. Tims reduced, M. Borda's result becomes 39,12764 
for the Salle de la M^ridienne. 

Without the slightest intention of deciding between authorities, each of 
whom is deservedly held in such high respect, — and viewing indeed the very 
small differences in the three determinations as evidencing, in a remarkable 
manner, the ingenuity of the respective methods, and the experimental skill 
by which each was obtained, — it may be remarked in conclusion, that if a 
mean be taken for the Observatory at Phris, between the measurements of 
Borda, Biot, and Katbr, (the latter transferred to Paris by means of the in- 
termediate acceleration of 12 seconds,) the determination of Katbr will be 
found to hold very nearly the middle line between the other two ; approochr 
ing nearer by ,00011 (equivalent to somewhat more than one-tenth of a vi- 
bration per diem) lo the measurement of Biot than to that of Borda. 


o2 
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Table I. — Riris. — Comparaisons de PHorloge qui a servi aux Experiences du Pen- 
dule Invariable avec FHorloge Siderale qui est k c6te de la Lunette Meridienne. 



La marche diiirne de Thorloge siderale a M obtenue par les passages des 
etoiles au meridieii. Je me suis particuii^rement attache k observer les pas- 
sages de jour. La vcille dii jour ok Ton a commence les experiences du pendule, 
le 26 avril^ j'avais trouve par 4 etoiles Ic retard absolu de Thorloge siderale 
sur Ic temps sideral. Je Tai ensuite determine le 27 par 9 etoiles, le 28 par 8 
etoiles, le 29 par 8 etoiles, le 30 par 2 etoiles, le 1*' mai par 4 etoiles, le 2 par 
8 etoiles, le 3 par «3 etoiles, le 4 par 6 etoiles. Des retards absolus obtenus 
chaque jour j'ai conclu la marche diurne du 27 arril au 4 mai. Les petites 
irregularites que Ton remarque dans les avances ou retail diumes tiennent 
aux changemens de temperature qui ont ete tr^s sensibles. Le ciel s’est 
eouvci-t le Samedi 5 mai, je n’ai pu rovoir des etoiles que le 9 : j’en ai observe 
4 qui m’ont servi i\ conclure la marche diurne pour le 6, le 7» le 8, et le 10. 
Les nombres que j ai adoptes pour ces quatre jours sont d’ailleurs confirmes 
par les passages du solcil au meridicn. 
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Table II. 

Paris. — Coincidences observed with the Invariable Pendulum No. 8. 


Exp. 1. April SSth A.M. Clock making 86189,55 Vibrations in a Mean Solar Day. 

B«om. { JinSo: Til: ifls S: } "Q"" no. 8. Therm. No. 

Observer, M. Mathiev. 



53,5 

1 

57 

37 

57 

40 

7 

57 

38,5 

1,00 

53,7 

2 

08 

08 

08 

15 

8 

08 

11,5 

0,94 

53,8 

3 

18 

39 

18 

47 

8 

18 

43 

0,88 


4 

29 

11 

29 

18 

8 

29 

14,5 

0,82 

53,9 

5 

39 

41 

39 

49 

8 

39 

45 

0,78 


6 

50 

13 

50 

20 

8 

50 

16.5 

0,74 


7 

00 

45 

00 

52 

9 

00 

48,5 


54,9 

8 

11 

14 

11 

26 

9 

11 

20 

0,6*3 


9 

10 

32 

*22 

32 

27 

9 

*32 

22,5 

0,58 


U 

42 

52 

43 

01 

9 

42 

56,5 

0,52 


12 

53 

26 

53 

31 

9 

53 

28,5 

0,48 

55,1 

13 

04 

00 

04 

16 

10 

04 

08 

0,46 

55,1 

14 

14 

30 

14 

46 

10 

14 

38 

0,43 

53,3 

15 

25 

03 

25 

13 

10 

25 

08 

0,40 


16 

35 

36 

35 

44 

10 

36 

40 

0,38 


17 

46 

07 

46 

19 

10 

46 

13 

0,36 

55,8 

18 

56 

39 

56 

49 

10 

56 

44 

0,33 


IntervaU between Coinridencci. 

Correc. 

Corrected Vibni. 

Not. Clock. Pendulum. 

Arc. 

Mean Solar Time. 

Vlbratluna. VlbnUon*. 

1- 16 632,1 6.30,1 

2- 17 632,1 630,1 

3- 18 632,07 630,07 

+ 

0,72 

0,64 

0,56 

85917,60 

85917,52 

85917,42 

J^Icun ; Vibrations at 64°, 49 Fahr. 

85917,51 

Reduction to 58° Fahr 

Correction for buoyancy j 

-1.47 
+ 6,08 

Vibrations in vacuo at 58° Fahr. 

.k 

85922,12 



Exp. 2. April S8th Noon. Clock making 86189,55 Vibrations in a Mean Solar Day. 

{7«r:68: Til: If:® c»l:} ”«“*»• *• *• 

Observer, Captain Sabine. 



35 07 91^11 11 95 09 
35 36 35 43 11 35 39>5 


46 07 
07 05 

13 31 14 

14 41 49 

15 59 90 

16 09 49 


11 46 10,5 
19 07 11 
13 31 90 
13 41 51 



0,41 I Mean ; Vibrations at 56^475 Fahe. 
0,38 * ' 


85917,01 

65917,03 

85916,95 


85916,99 


Reduction to 58«PAHm -0,64 

14 09 54,5 0,33 c^j^ction for buoyancy +6,05 

Vibrations in vacuo at 58^ Fahe. 85999,40 
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Table II. (Continued.) 


£xP. 3. April S8th P.M. Clock making 86189|55 Vibrations in a Mean Solar Day. 

Barom. { ”7"“ *0.’ Th if’, 3 SSt! } T**- N“- »• Therm. Ne. 4 . 

Observer, M. Nicollkt. 


ItC’Snp. Coincidence. 


1 

16 

01 

16 

04 

14 

16 

02,5 

0,98 

2 

26 

29 

26 

34 

14 

26 

31,5 

0,94 

3 

36 

67 

37 

03 

14 

37 

00 

0,88 

4 

47 

25 

47 

37 

14 

47 

31 

0,81 

5 

67 

54 

58 

05 

14 

57 

59,5 

0,78 

6 

08 

25 

08 

35 

15 

08 

30 

0,72 

7 

18 

55 

19 

06 

15 

19 

00,5 

0,67 

8 

29 

28 

29 

37 

15 

29 

32,5 

0,63 

9 

39 

69 

40 

08 

15 

40 

03,5 

0,59 

10 

50 

27 

50 

38 

15 

50 

32,5 

0,56 

11 

01 

02 

01 

10 

16 

01 

06 

0,52, 

12 

11 

29 

11 

39 

16 

11 

34 


13 

22 

04 

22 

13 

16 

22 

08,5 

0,‘47 

14 

." i 3 

32 

32 

43 

16 

32 

37,5 


15 

43 

05 

43 

17 

16 

43 

11 

0,39 

16 

53 

35 

53 

48 

I 

53 

41,.) 

0,38 

17 

04 

06 

04 

20 

17 

04 

13 

10,36 

18 

i H 

40 

14 

50 

17 

14 

45 

10,34 



85916,92 

85916.94 

85916.95 


Mean ; Vibrations at 56^46 Fahr. 


Reduction to 58° Faiir • . 


Vibrations in vacuo at 58° Fahr. 85922,33 




£xP. 4. April 29th A.M. Clock making 86189,58 Vibrations in a Mean Solar Day. 
Barom. { } 758"“, 9*. Th. IS", 65. Plane. No. 8. Therm No. 4 . 

Observer, M. Matuieu. 


^ Times of 

llienn. ^ .| 1 j 

^ O Disapp. Re-app« Coincidence. 


55.0 11 03 11 03 22 

55.1 12 13 47 13 56 

55,3 13 24 20 24 27 

14 

65.7 15 

55.8 16 

56,0 17 

56,0 18 


h m « 

6 18 05 
6 28 34 
6 39 06,5 

6 49 37 

7 00 08,5 


Intervab between Coincidences. 



,74 86917,48 

,65 85917,47 

,59 85917,87 


Mean ; Vibrationa at 55“,'b7 FAHa.| 85917,44 
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Table II. (Continued.) 


•£xP. 5. April SUth A.M. Clock making 86189,58 Vibrations in a Mean Solar Day. 
Barom. { ’g } 759"- 20. Th. U° 45. Planes No. 8. Therm. No. 4. 


Observer, M. Nicollet. 


Arc of 

.Vibrii., , 

Coincidence. lion. I Nos. Clock. 




85916,96 

85916,98 

85916,88 


Mean ; Vibrations at 57®, OS Fahr. 859l6y93 


•Reduction to 58® Faiir. . 
Correction for buoyancy . 


Vibrations in vacuo at 58® Faux. I 85922,56 



Cxp. 6. April 29th P.M. Clock making 80189,58 Vibrations in a Mean Solar Day. 
Barom. 758"", 84. Th. 14®, 9 Cent. Planea No. 8. Therm No. 4. Observer, Captain Sabimx. 


nmei of A>c of loterrals between Coincldeneeii. 

Diiepp.jlto-app.| Colnddence. tion. Nos. Clock. |j?knduluin. 




Reduction to 58® Fahe. 
Correction for bnoyEncy 


btmtions in vacuo at 58® Fame. I 85988,54 
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Table II. (Continued.) 


£xP. 7. April 80th A.M. Clock making 86180,01 Vibrations in a Mean Solar Day. 
Barom. }f ;* } 760"« lO. Th. U«,15. Planea No. 8. Therm. No. 

Observer, M. Matuieu. 



85916,37 

8591M7 

85916,313 


Mean; Vibrations at 55^88 Fahr. 85916,35 


^Reduction to 58" Fahr 

Correction for buoyancy 

1 -0,91 

+6,07 

Vibrations in vacuo at 58" Fahr. . 

85991,51 1 



£xp. 8. 
Barom. 


April 80th A.M. Clock making 86180,01 Vibrations in a Mean Solar Day. 

Plane.No.8. Therm.No.4. 

Observer, M. Nicollet. 


Therm, 


Thnci of 

Diwpp. Ille^pp. I CoiiiddeBce. 


Inlerrali behrcen CoineideDece. 

Como- 
tion for 
Arc. 

Not. 


Pimduhim. 



0,98 I I- 


0,86 I 3- 

0,81 * 




Mean : Vibrations at 57^,5 Fahr, 


Reduction to 58" Farr. 
;Correctkm ^.buoyancy 


'VibratioBs in tacuo at 58" Fapr. 
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£xP. 9. April 30th P.M. Clock nuking 86189,01 Vibnlioni in t Mcnn Solar Day. 
Barom. Th.U«,r5. Planet No. 8. Therm. No.*. 

Observer, Captain Sabimk. 


85915,77 
85915,88 
I 85915,90 



Mean; Vibrations at 58^,15 Fxua. 

85915,85 

Reduction to 58*^ Faiib 

Correction for buoyancy 


6 

4 

Vibrations in vacuo ai58^FAnE. . 

85921,95 


£xP. 10. MaylstA.M. Clock making 861 88,0 i Vibrations in a Mean Solat Day. 

Pl»ne.No.8. Therm. No.*. 


lli«nn. 0.5 


Observer, M. Mathieu. 


Timnor 





ImomlE bitween Coinddoncci. Come- Cometed Vibrs- 

„ ■ — — j tionfor lions in S4Houn 

Not. Clock. Fndulom. Arc. Mesn Solar Timo. 


vumUoM. 

1-16 630,6 

8-17 680,8 
8-18 681,0 



85916,30 

85916,87 

85916,29 


Mean; Vibrations at 50^89 Fahe. 85916,29 


Reduction to 58^ Fake. 

Correction for buoyancy 


I Vibrationa in vacuo at 59 /* Fahx. .| 85921,88 



MDCCCXXVllI, 


a 
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Tabu II. (C!ontinued.) 


£XP. 11. MaylatA.M. Clock mikiiig 86188,94 Vibratiaiif in a Mean Solar Day. , 
Barom.{”°"";®®;^;}*°j^“[;}r59-».68. Th.l«».05. PlaneaNo.8. Therm. No. 4. 
Observers: 1 — 9» M. Nicouet; 19 — 18, M. Savary. 


^ S Tini«i of Arc of 

Thonn. j Vibrn-. 

^0 DiMppw f(04qpp. Ooinddffnee. tion. I Nob, 


o BB • m B h m 

1 39 49 39 60 9 39 

57,8 9 43 16 43 91 9 43 

3 53 44 53 49 

57,8 4 04 11 04 18 




85915,89 

86915.73 

85915.74 


Mean; Vibrations at 58®, 94 Faiib. 86915,76 


Reduction to 58® Faiir 

Correction for buoyancy 


Vibrations in vacuo at 58® Fahr. 85991,90 



Exp. 12. May 1st P.M. Clock making 86188,94 Vibrations in a Mean Solar Day. 
Barom.j’ijg”'"**; Th.l«",l. Hanes No. 8. 'nieim.No.4. 


Observers: 1 — 15, M. Sat ary ; Id— -18, Captain Sabine. 


Tberm. ^.9 



IntiTfalB between CoinddeaccB. 


Noa 


Oock. 

Fendvlum. 

VlbtBtlOOB. 

6S,,37 

6S9,40 

VOntlMU. 

6*7.17 

6*7,97 

6*7,40 



85915,58 

85915,68 

85915,51 


Mean ; Vibrations at 58®,7I Fahr. 8591546 


Reduction to 58® Fahr. 

Correction for buoyancy +o,05 
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Tabus II. (Continued.) 


Exp. 13. May Stli A.M. Clock making 86189,62 Vibrations in a Mean Solar Day. 
Baiom. 1 5 is' } 7S*"".58. Th. 16*. Planes No. 7. Therm. No. 4. 
Observer, M, Nicollst. 



I*iinc8 of 


Disapp. Re-app. Coincidonce. 


17 55 18 01 
28 28 28 32 
38 51 39 01 


Are of Intervab between Coiocidencet. Corrac> 

Vibra. 1 j tion Ibr 

lion. Noi. Clock. Pendulum. Ai«. 




Meant Vibrations at 5 7**, 3 Fahr. 


Reduction to 58^ Fahr. 
'Correction for Jbuoyancy 


V|brations in vacuo at 58^ Fahr. 85922,65 


Table 111. ^ 

Faria. — Coincidencea observed with the Invariable Pendulum No, 7» 
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Table III. (Continued.) 


Exp. 2. Ma^r Snd A.M. Clock making 80189)54 Vibrations in a Mean Solar Day. 
Barom. { g;} 7J8»».06. Th. 1S»,4. Pl«>e» No. 8. Therm. No. - 
Observer, M. Nicollst. 


•n Timet oi Arc of 

I Vibra- 

0 Diaapp. Re-app. Coincidence, tion. 




85938,61 

8.5938,49 

85938,50 


Mean; Vibrations at 50^13 Fabr. 85938,50 


Jfleduction to 60^ Fahr. 
Correction for buoyancy 


Vibrations in vacuo at 00° Farr. 85934,15 



Exp. 3. May 3nd F.M. Clock making 86189,54 Vibrations in a Mean Solar Day. 

»»«>“■• {7”r"jo; ?!l: irj £!!:} l*” »• ^ ^o. 8. Therm. No. 4. 

Observer, Captain Sabine. 


Timeiof Arc of 

Therm. dJ Vibrapi 

^0 Disapp. lle-app. Coincidence, tion. I Noe. 


69,4 

1 

04 

41 

04 

44 

3 

04 

43,6 


3 

15 

36 

15 

43 

3 

15 

89,5 

59,3 

3 

36 

34 

36 

41 

3 

36 

37.5 


4 

37 

39 

37 

40 

3 

37 

34,5 

59,1 

7 

10 

34 

10 

34 

3 

10 

39 


9 

32 

33 

33 

33 

3 

33 

87.6 

59,1 

10 

43 

31 

48 

34 

3 

43 

37,5 


11 

54 

31 

54 

31 

3 

54 

26 


13 

05 

19 

05 

30 

4 

05 

34,6 

59,1 

13 

16 

17 

16 

39 

4 

16 

33 


14 

37 

17 

37 

31 

4 

37 

34 


15 

38 

15 

38 

33 

4 

38 

34 

59,1 

16 

49 

14 

49 

31 

4 

49 

33,5 



85938,41 

85938,43 

85938,41 


Mean ; Vibrations at 59°,1 7 Fabr. 85938,43 


Reduction to 60° Fahr 

Correction for buoyancy 


Vibrations in vacuo at 60°,Fahr. 85934,09 
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Table 111. (Continued.) 


^ Exp. 4. May 3rd A.M. Clock making 86189»71 Vibrations in a Mean Solar Day. 

Th! If:* St } S. The™. No. 8. 

Observer, M. Matbieu. 


Disapp. Re-Vp. Coincidence, tion. 


IBBH 


1 Not. 

Clock. 

PSndulaiB. 


1 53 20 

2 04 16 

3 15 12 

4 26 08 

5 37 07 

6 48 03 



6 04 17*5 0,95 
6 15 14,5 0,89 
6 26 11,5 0,83 
6 37 10 0,78 I Moan; Vibrations at 58®, 19 Farr. 


85928,70 

85928,67. 

85928,68 


85928,68 


8 09 59 

9 20 56 

10 31 56 

11 42 55 

12 53 55 

13 04 54 

14 15 53 

15 26 53 

16 37 53 

17 48 52 

18 59 52 


7 10 05 0,60 

7 21 02 0,58 

7 32 02 0,55 

7 43 01,5 0,51 

7 54 01,5 0,49 

8 05 02 0,45 

8 16 00 0,42 

8 27 00 0,39 

8 38 00 0,37 

8 48 59>5 0,34 
8 59 59 0,32 


Reduction to GO® Fahr 

'Correction for buoyancy 


Vibrations in vacuo at 60® Fabr. 



Exp. 5. May 3rd A.M. Clock making 86189,71 Vibrations in a Mean Solar Day. 

B.™». { tS: If:' SI:} ^ n.. s. Therm, n., 4. 

Observer, M. Mathieu. 



06 51 9 06 50 

17 49 9 17 47 

28 47 9 28 44 

89 42 9 39 39)5 

50 40 9 50 87 

01 35 10 01 32,5 

10 12 29.5 
10 23 26,5 


10 

45 

24 

|15 

50 

81,5 

11 

07 

81 

11 

18 

20 

iV 

40 

iVii 

11 

51 

16,5 

18 

02 

17 

12 

13 

16 
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£xp. 6. 
Barom. | 


Table IIL (Continued.) 


May Srd P.M. Clock making 86180,71 Vibcationa in a Mean Solar Day. 

Tl'. 1 m SSt*:} ^ No. «. The™. No. *. 

Obsenrer, Captain PoPiaaBT. 



£XP. 7 . May 4th A.M. Clock making 86189,42 Vibrationf in a Mean Solar Day. 
B*™”- {Tir'VlO. n. If:’ Sst} ^ No. 8. Thenn. No. 


H 

Therm. J.9 

5*5 Q Diaapp. 


Observer, M. Matiiieu. 


Nos. Clock. 


08 41 

08 44 

6 08 42,5 

1,01 

0,96 

19 38 

19 41 

6 19 39>i 

30 35 

30 40 

6 30 37«5 

0,90 

41 33 

41 40 

6 41 36,5 

0,84 

62 31 

52 39 

6 52 35 

0,79 

03 30 

03 38 

7 03 34 

0,72 

14 29 

14 38 

7 14 33,5 

0,68 

25 28 

25 38 

7 25 88 

0,63 


i 



68 26 

58 38 

7 58 32 

0,62 

09 24 

09 37 

8 09 80,6 

0,49 

20 23 

20 37 

8 20 30 

0,46 

31 25 

31 38 

8 31 31 

0,43 

42 25 

42 39 

8 42 32 

0,40 

53 26 

63 40 

8 53 33 

0,87 

04 27 

04 40 

9 04 33,6 

0,34 

16 27 

15 41 

9 15 34 

0,32 


Reduction to 60° Fake. 
0»b3 Correction for buoyancy 


86928.71 

86988.72 
86928,71 


86928,71 


to88,92 
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Table III. (Cbntinued.) 


» £xP. 8. May 4th A.M. Clock making 80189|42 Vibrationi in « Mean Solar Day. 
Barom. Th! ifll Sm.} Th. IS®, 7. Planes No. 8. Therm. No. 4. 


>! 

Tlicitn. 6 


Obsenrer, M. Nicollbt. 



Exp. 9. May 4th P.M. Clock making 86189,42 Vibrations in a Mean Solar Day. 

®““"’ {rsr”;!; Th. Ifl* Sli} No. 8. Therm. No. 4. 

Observer, Captain Frxyoinet. 


Are of IntcmU between Coinddenoei. 

VIbia. j 

tion. Noe. Clock. 



19 
11 
18 
18 
14 
16 
16 

17 18 89 13 56 4 18 47>8 

18 84 88 84 66 4 84 46^ 

IP 36 88 86 84 4 86 48 


8 07 6M 
3 18 49,6 
8 89 49»6 
8 40 48,6 
8 61 48,6 



86988,86 

86988,83 

86988,86 


Mean; Vibratioiiaat 6P’,06 Faux. 86988,84 


Bedaetion to 00*’ Faux. 

Correction for buoyancy 


Vibrations in vacuo at 60* Fabx. 1 86984,81 
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Tabu III. (Conlinned.) 


Exp. 10. May 9th A.M. Clock making 86189,94 Vibrationa in a Mean Solar Day. 
Barom. {fj ^j;} 798-.8*. Th. 16».l. Plane. No. 8. Therm. No. 4. 

Obterverg M» Mathisv. 


1 

13 

43 

13 

44 

6 

13 

43,5 

2 

24 

37 

24 

39 

6 

24 

88 

3 

35 

32 

35 

35 

6 

35 

33,5 

4 

46 

29 

46 

33 

6 

46 

31 

5 

57 

26 

57 

31 

6 

57 

28,5 

6 

08 

22 

08 

29 

7 

08 

25,5 

7 

19 

20 

19 

27 

7 

19 

23,5 

8 

9 

41 

*15 

4l' 

24 

7 

’41 

19,5 

10 

52 

13 

62 

24 

7 

52 

18,5 

11 

03 

11 

03 

22 

8 

03 

16,5 

12 

14 

10 

14 

21 

8 

14 

15,5 

13 

. . . 


. . . 

. . . 

. • . 

> . • • 

> * . a . 

14 

36 

08 

.36 

18 

8 

36 

13 

15 

47 

06 

47 

17 

8 

47 

11,5 

16 

58 

05 

58 

17 

8 

58 

11 

17 

09 

03 

09 

15 

9 

09 

09 

18 

20 

02 

20 

14 

9 

20 

08 


Coincidence. 




85928,23 

85928,26 

85928,25 


Mean; Vibrations at 59° 37 Fahr. 85928,25 * 


Rcduetion to 60° Fahr. 

Correction for buoyanej 


Vibrations in vacuo at 60° Fahr. 85933,96 



Exp. 11. May 5th A.M. Clock making 86189,54 Vibrations in a Mean Solar Day, 

Barom. "S'. Th'. lc?8 SSt} 

Observer, M. Nicollet. 



85928,10 

85928,04 

85928,09 


Mean; Vibrations at 60°, 61 Fahr. 85928,08 


Reduction to 60° Farr. 

Correction for buoyancy 


ibrationii in vacuo at 60° Fahr. ; 85934,30 
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Tabu III. (continued.) 


Exp. 12. May 7th A.M. Clock making 86189,84 Vibrations in a Mean Solar Day. 
Baiom. { xJ; [f ^nt! } Th. 150,8. Planet No. 7. Therm. No. ■ 

Observer, M. Matiiiev. 


Tillies of 


Disspp. I Re-spp. | Coincidence. 


86929|ll{ 

B6929»15 


Mean ; Vibrations at 59^25 Fahe. 86929913 


1 

ir’i i 

Disspp. Re- 



Intervals 1 

between Ci 

incidences. | 

Nos. 

Clock. 


1-16 

3—18 

VIbMtIons. 

659,43 1 
669,74 

VlfantloM. 

657,43 

667,74 


Keduction to 60 ** Faur. * 
^Correction for buoyancy 


Vibrations in vacuo at 60° Fahr. I 86934,77 



CxP. 13. May 7th A.M. Clock makii^ 86189,84 Vibrations in a Mean Solar Day. 

S: if;* c™!: } ‘sm. pu... no. 7. 11*™. no. 4. 

Observer, M. Savary. 



11 69 69 

12 10 68 
12 21 67 
12 82 67>6 
12 48 68 
12 64 67,6 
18 06 68 
18 16 69 
18 28 00 
18 89 02 



86928,96 

86929,03 

86929,06 


Mean ; Vibrations at 59°,7S Fahr. 86929,01 


Reduction to 60 ° Fahr. 
Correction for buoyancy 


Vibrations in vacuo at 60 ° Fahr. 



ouKiccajvui. 
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Table IV. 

Paris. — Rate of the Invariable Pendulum No. 7> obtained by the Counter. 


Exp. 1 . April 29th, 1827. Clock making 86189,58 Vibrations in a Mean S<Jar Day. 
Planes No. 7. Therm. No. 8. Observer, M. Matuieu. 





Counter. 



1-8 

h m 

4 0 

Vibrstioni. 

I4356,3SS 

17945,437 

VlbnUdM. 

0*70 

85929,04 

1-9 

5 0 

0,68 

65928,94 

2-8 

3 30 

18561,673 

0,49 

86927,91 

2-9 

4 30 

16150,755 

0,45 , 

85928,01 

S-9 

4 0 

14356,864 

0,37 

85928,15 

Mean ; Vibrations at 5 7°, 71 Faiir. 

85928,41 


Reduction to 60^ Fahr. 
Correction for buoyancy 



Vibrations In vacuo at GO** Faiir. . 85933,49 


Exp. 2. April SOth, 1827. Clock making 80189,01 Vibrations in a Mean Solar Day. 
Planes No. 7. Therm. No. 8. Observer, M. Mathieu. 


Comparisons. 


Counter. 



Barometer. Intorrals between Comparisons. Correc- 

tion for 

Nos, I Clock. Counter. 



68,2 760,20 


58,8 1759,85 | 15,1 Mean; Vibrations BtA7^62 Faiir. 85927,81 




Reduction to 60® Fahr. 
Correction for buoyancy 


Vibratuma in vacuo at 60^ Fahr. 85932,66 




























NarfCbm-ll I’ I | | | No.ofCaiii. 
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Table IV. (ContiauecL) 


*£iXP. 3. Majr liti 1827. Clock making 86I88|94 VibrationB in a Mean Solar Day. 
Planes No. 7. Therm. No. 3. ObBcrverS) MM. Mathibu and Sabine. 



Barametor. IlntMrfalt betweoa CompariiKini. 


Nos. 

Clock. 

Countwr. 

1-6 

1-6 

2-5 

2-6 

h n 

4 0 

5 0 

3 25 

4 25 

Vtbratlnni. 

14.356,166 

17945,182 

12262,402 

15851,418 


• I Mean; Vibrations at .'i 8^,4 3 Fviin.lH5936,30 


ll»® I Reduction to 60° Faiir —0,66 

Correction for buoyancy + 6,04 


Vibrations in vacuo at 60° Faiir. 85931,88 


Exp. 4. May 8th, 1827. Clock making 86189,62 Vibrations in a Mean Solar Day. 
Planes No. 8, Therm. No. 3. Observer, M. Matiiieu, 


ci Compsnsoni. ^ | Bwrometor. 

I v 'f T«inp.| 

^ dock. I rinunlAr. 



Merc. 'nieriii.| Nos. 





h m 

4 0 

Vlbratlimi. 

14356,227 

VlbMiUini. 

0,73 

85928,37 

5 0 

17945,309 

0,63 

8.5928,38 

3 0 

10767,091 

0,62 

86927,48 

4 0 

14356,173 

0,44 

85927,74 



762»85j 15,8 I Mean; Vibrations at 57°,7 Fahr. 85927,99 


758,22 I 15,4 J Reduction to 60° Faiir - 0,97 

Correction for buoyancy +5,99 


Vibrations in vacuo at 60° Faiir. 85933,01 


2 












































No.orC«mi. 
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Table IV. (Continued.) 


Exp. 5. May lOth, 1827. Clock making 86189,36 Vibratioiu in a Mean Solar Day. 
Planes No. 8. Therm. No. 3. Obserrer, M. Mathibv. 


lalarvsli between Compiriioiii. 

tionfor 

Mm. I Cl«k. I CouDM. 




Mean; Vibratioiii at j8°,6 t’ani. 8i9)i7iS4 


I Reduction to 60° Fahh. 
Correction for buoyancy 



Vibrations in vacuo at 60° Fahr. 85932,99 


Tabus V. 

Paris. — ^Rate of the Invariable Pendulum No. 8, obtained by the Counter. 



































Kowof Com-I 
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Tabu V. (Continued.) 


Exp. 2. Miy Srd, ISgt. Clock mking 86IS9,71 Vibrations in a Mean Solar Day. 
Planet No. 7. Therm. No. 3. Observer, M. MaTiiiav. 


CoaptfisoM, 


Clock. Counter. ^ ^ 


rntemle between Comparisoni. 


Merc, neitn. I Nos. | Clock. I Counter. 


Mean . . . . 


Mean; Vibrations at 60^,17 Fahr. 

85914,25 

Reduction to 58° Fahr 

Correction for buoyancy 

+ 0,91 
+3,99 

Vibrations in vacuo at 58° Fahr. 

a5921>15 


ExPs 3s May 4th, 1827s Clock making 86189,42 Vibrations in a Mean Solar Day. 
Planes No. 7. Thenn. No. 8. Observer, M. Mathieu. 


CompsriioMs 


Cloek. Counter. 


Barometer. IlDlenrals between Comporlsonsi 

1 tion for 

Nos. I Clock. Counter. 


cent, i 

767i30| 15,2 I 1..5 
2-5 

2-6 I 4 30 


Mean ; Vibrations at 50^,85 Fahr. 85914, 56 


I Reduction to 58^ Fahr 

Correction for buoyancy 


Vibrations in vacuo at 58^ Fahr. 85921,34 
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Table V. (Contiaud.) 
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Table VI. — Traniuts observed in London. 
















Mu fABiNMrcaaiiiii^^ 




Tike vn: 

Bate <rf MoiiyMioz Mdnoe^^hMs^ pneedin^ lVasiita of Stan. 





( FugMi 

n 

• Capella 
Bigel 

• lorm 


y Dficonii 


« Orionii 


18 toff 
18 to f 8 
IftofO 
If toff 
If to 18 
IStofO 
18 toff 
18 toff 
fOtofS 
If toff 
If 10 18 
If to 18 
If to 18 
18 to 19 
18 toff 

18 toff 

19 to f8 , 
18 to 19 
18 toff. 
19tof8 


48 lf,78 

88 fl^l 

89 ITifl 
89 i?,8f 
48 18il8 

88 ff|08 

89 17,98 
81 86,89 

, 89 17,88 
48 18,86 

87 88^98 

88 89,07 

89 17,98 
n 46,97 
89 17*88 
48 19,77 
88 84,17 
88 84^ 
88 88 ,^ 

a, 1737 
i» ^,7 
15 4a^M 

81 853, 
15 48>,s 
15 41^78 


MM,4i*)rOtia. 
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Table VIII. 


Rate of Molyneux deduced from Transits of the Sun. 


1827. 

Sun'tThuidtby 

Moltmiux. 

Mean TIdm 
of Apparent 
Noon. 

M 

i 1* 

Rate of MoLTmoi deduced. 

Datea. 

Inf 

Daily 

Gain. 

Dates. 

Inf 

Daily 

Gain. 

Dates. 

Inf 

Daily 

Gain. 

16 

16 

17 

18 

19 

22 

h m ■ 

23 66 29,92 
23 66 09,13 
23 64 48,65 
^3 54 27,7 
23 54 06,56 
23 63 45,65 
23 62 43,4 

h m ■ 

23 56 40,2 
23 55 19,2 
23 64 58,2 
23 64 37,2 
23 54 16,2 
23 53 65,2 
23 52 62,6 

10,28 

10,07 

9,55 

9,50 

9,64 

9,55 

9,20 

Stfitemlirr. 

14 to 15 

,. 1<) 
„ 17 

„ 18 
„ 19 

„ 22 

15 to 16 

Dpjtp 

1 

2 

3 

4 

5 

8 

1 

0,21 

0,36 

0,26 

0,16 

0,15 

0,14 

0,52 

■eptafllbor. 

15 to 17 

„ 18 

19 

,, 22 

16 to 17 

„ 18 

„ 19 

Dpy* 

2 

3 

4 

7 

1 

2 

3 

0,28 

0,22 

0,14 

0,13 

0,05 

-0,04 

0,00 

16 to 22 

17 to 18 

„ 19 

„ 22 

18 to 19 
„ 22 

19 to 22 

T 

1 

2 

5 

1 

4 

3 

0,06 

-0,14 

-0,02 

0,06 

-0,09 

0,11 

0,12 



• p 

Mean daily Rate. Gaining 0,13. 


Mean daily Rate of Molynsvx finally conduded, gaining 0|ld from the 12th to the 23rd of Sept. 


Table IX. 


Comparisons of Molyneux and Gumming, Sept. 12th to Sept. 23rd. 


Sept. *' * 

19 ; 7 F.M. CUMMIMO Fait of Molymiuz 29,8 

Icfitp ^ 

18 ; 7 P.M. Cumiiiio Fail of Moltmiux 29,8 


’ 6 S9<9 



fiQ.8 

' 9 29,85 



— 'Of.m *9»8 

10 29,96 

16 } 6 29,8 

’ c fiO.fl 

92 1 10 Fell ‘SO, 2 

17 j 6 F.M. 29,7 


• rs.pk Itth F.I,. to Sept. Mth r.ii. gaining 0,IS per diem. 

RtMof CuMMiita dedooed i< Sept. Mtfa rm. to Sept. *Ut f.ii. geining 0,*8 per diem. 

Isept. Slat P.M. to Sept. *3d rJi. geining 0,88 per diem. 


MDCCCXXyill. 
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Table X. 

London. — Coincidences observed with the Invariable Pendulum No. 7* 


LxP. 1. September ISth A.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 20°, 9C, Planes No. 8. Therm. No. 4, Observer, Caftain Sabine. 


Hicrm. 


Timet of 

Arc end 
Correction. 

Mran 

Interval. 

Corrected Vibra* 
tiona in S4 Houn 
Mean Solar Time. 

DiMpp. 

Re.app. 

Coincidence. 

6°3,7 

63.8 

63.9 

64,0 

1 

2 

.3 

33 

34 

35 

m a 

44 29 
50 41 
56 54 
03 43 
09 58 
16 12 

tn a 

44 33 
50 46 
56 59 
03 59 
10 06 
16 19 

h m a h iq a 

6 44 81 T 

6 50 43,5 > 6 50 43,7 

6 56 56,5 J 

10 03 47,53 

10 10 02 >10.10 02,0 
10 16 16,5 J 

^ a 

0,873 

[•0,49 

0,28j 

a 

378,7 

Al«3°,W! Fabm. 

85938,27 

Reduction to 63^ Fahb 

Correction for buoyancy 

+ 0,36 
+ 5,98 

Vibrations in vacuo at 63° Faur. 

85944,61 


£xP. 2. September 18th Noon. Clock making 86100,18 Vibrations in a Mean Solar Day. 
Barom. 30° 00. Planes No. 8. Therm. No. 4. Observer, Captain Sabine. 


Therm. 

*8^ 

^*1 

Tiroes of 

Arc and 
Correction. 

Mean 

Interval. 

Corrected Vibra> 
tions in *24 Hours 
Mean Solar Tine. 

Disapp. 

]le.«pp. 

Coincidence. 

6°4,1 

64,3 
: 64,3 

64,3 

1 

2 

3 

31 

32 

33 

m a 

35 52 
42 05 
48 18 
42 34 
48 48 
55 01 

Bi a 

35 55 
42 08 
48 22 
42 41 
48 58 
•55 15 

ta m a h m a 

10 35 53,5*1 

10 42 06,5 MO 42 06,7 
10 48 20 J 

1 42 37,5*1 

1 48 52 > 1 48 51,7 

1 55 00, 5 J 

0 ■ 

0,83*1 

U,47 

0,29] 

a 

373,5 

At $4*,S Fahi. 

85937,99 

Reduction to 68°'FAini 

Correction ibr Buoyancy 

+ 0,00 
+ 6,99 

Vibrations ift vacuo at 63° Fahb. 

85944,48 
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Tablb X. (Continued.) 


£xP. 3. September 1 3th P.M. Clock making 86400,18 Vibrationa in a Mean Solar Day. 
Barom. 30*’, 05. Planes No. 8. Tlierm. No. 4. Observer, Captain Sabtve. 


%•! 

Therm, a .! 



ai • 

m • 

h m • h n • 

1 

16 20 

16 24 

2 16 22 n 

2 

22 33 

22 36 

2 22 34,5 S2 22 34,7 

3 

28 46 

28 49 

2 28 47,5 J 

30 

16 48 

16 58 

5 16 53 -) 

31 

23 00 

23 11 

5 23 05,5 >5 23 06,7 

32 

29 16 

29 27 

5 29 21,5 J 


Mean 

Interval. 

Corrected Vibra- 
tiona in 34 Iloun 
Mean Solar Time. 

■ 

373,52 

At 64^9 Faur. 

85938,05 


Reduction to 63° Fahr 

+0,50 

i CotrectioQ for buoyancy 

+6,00 

Vibrationa in vacuo at 63° Faiir. 

85944,55 


Exp. 4. September 14th A.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 30°, 25. Planes No. 8. Therm. No. 4. Observer, Captain Samimb. 




DlMjqk. Re-app. 


10 42 10 44 

16 55 16 58 

23 08 23 12 

05 15 
11 30 


Arc and Mean Corrected Vibra- 

CorrecUoo. Interval. >" If?”" 

Mean Solar lime. 


At C8”,25 Fahs. 



Reduction to 63° Faiir 

Correction for buoyancy 


Vibrationa in vacuo at 63° Faiib. 
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« Table X. (Continued.) 


£XP. 5. September ]4th Noon. Clock making 86400,18 Vibrations in a Mean Solar Day. 
' Barom. SO**, 22, Planes No. 8. Therm. No. 4. Observer, Captain Sabine. 


Arc and Mean hSII 

CmcthHU tnUTTd. 


At ^30,785 Fane. 

I 

85938,21 I 


Reduction to 68° Fahr 

Correction for buoyancy 


Vibrations in vacuo at 63° Fabb. 



Exp. 6. September 14th P.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Baron]. 80°, 20. Planes No. 8. Therm. No. 4. Observer, Captain Sabine. 


Thcnn. d.S 

*5 



Hwn Hen Coir^ Vibr.- 

rntMotlnM Tntonnl 1^001 111 94 HOUIl 

Corrwtion. Interval. Mean Solar Time. 


• 

At 6^°,975 Fake. 

373,51 

85938,19 


Reduction to 03° Fahb. . 
Correction for buoyancy . 


Vibrations in vacuo at 68° Fahr. 


85944,63 
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Table X. (Continaed.) 


Exp. 7 . September 15th A.M. Clock making 86400»18 Vibrationa in a Mean Sglar Day. 
Barom. 80**, SO. Planes No. 8. Therm. No. 4. Observer, Captain Sabimi. 


TtmMof 


CoJnddmee. 


Corwction. Intonral. J®"* 

Mmii Sour Tbiu. 


63,6 1 

2 

64,0 8 
64,3 $0 


10 

50 

35 

10 

56 

38,5 

11 

03 

53 

1 

50 

56,5 

1 

57 

08,5 

3 

03 

31 


Reaction to 63° Fahr 

Correctiou for buoyancy 

+ 0,43 
+6,05 

Vibrations in vacuo at 63° Fahr. 

85944,41 


Exp. 8. September 19th P.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. S0°,19. Planes No. 8. Therm. No. 4. Observer, Captain Sabine. 


Th.ru. I 


64,1 1 

3 

64,1 3 

64,0 31 

64,0 33 


, TlmMof 

Diwpp. 

B»4ipp. 

CcMncidcnce, 

m « 

m I 

a m ■ h m • 

18 13 

18 16 

1 18 14 ' 

34 35 

34 39 

1 34 37 >1 34 27,17 

30 39 

30 43 

1 80 40,5^ 

33 40 

33 45 

3 33 43, 6T 

28 53 

28 58 

3 38 55,5 >3 38 55,83^ 

35 06 

35 18 

3 35 09,5, 


Am an.1 HAaan ConVCtOd Vibni> 


At 64^,05 Faha. 


373»433 85988,36 


Rednction to 63° Fakr. . 
Correction for buoyancy . 


Vibrations in vacuo at 63° Fahr. 


































70 CAPTAIN eiABINEl’q BXmiKSNTS ON THK DimUNCB IN THE 
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Exp. 9. September 80th A.M. Cleek nukii^ SMQOilB VibrelioiB in a Mean Solar Day. 
Darom. 89°, 79. Planea No. 8. Therm. No. 4. Obeerrer, M. QmsTBUT. 



Re4pp. 

m ■ 

m « 

16 37 

16 42 

22 49 

22 56 

29 02 

29 09 


mnJ Me&n Corroctod Vibra- 

imital. 5,™ *5^^" 
Mean Solar Time. 


At 61^95 Fahh. 
85939,26 


Reduction to 63° Faiie 

Correction for buoyancy 


Vibrations in vacuo at 63° Faiis. 


85944,79 


CxPe 10. September 20th P.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 29°, 78. Planes No. 8. Therm. No. 4b Observer, Captain S^tBivi. 


'S^ 

Therm. d.| j — 

Diupp* Re-app. 


Timei of 

Coincidence. 


h ni I 

bras 

1 02 30,51 

1 

1 08 44 

^1 08 44,17 

1 14 58 J 

1 

3 19 39 1 

1 

3 25 53,5 

^3 25,53,^7 

3 32 08,5 J 

I 


An«a Mo. 


At 68°, 25 FAHa. 

85938,95 


Reduction to 63° Fabb 

Correction for buoyancy 


Vibrations in vacuo at 63° Fahe. 85944,60 
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Exp. 1 1 . September iioA A.M. Clock making 8G400,3S Vibrations in a Mean Solar Day. 
Barom. f9®,58. PIftnea No. 7. Thertn. No. 4. Observer, M. Quetllet. 




Disapp. Rfr«pp. 


m ■ 

h m 1 

h m f 

• . . . 

• 1 

1 

* 

• < 

^ 7 25 42,5 

• . . .. 

• J 

1 

14 08 

10 14 04-1 

1 

20 22 

10 20 17 

^10 20 17,67 

26 37 

10 26 32 J 

1 


Coppreted 'Wbi*- 


Atcr.as pAiia. 


(* Particulars mislaid.) 


Reduction to Gd^ Fahr. 
Correction for buoyancy 


Vibrations in vacuo at 63° Fauk. 


85944,71 


£iXP. 12. September 22nd P«M. Clock making 8G4U0,38 Vibrations in u Mean Solar Day. 
Barom. 89°, 57. Planet No. 7. Ilierm. No. 4. Observer, Captain Sabin f. 


O Diispp. Rc-spp. 


Arc and Mean Copiwlod Va.». 

Coppwrion. Interval. «>«"" *" «♦ * 

Mean Solar Jims. 


m s 

h m • 

o 

01 42 

12 01 41,5 

1,18 

37 29 

2 37 25 

0,44 


Reduction to 63° Fahr. « 
Correction for buoyancy . 


Vibrations m vaeu4 at 68 ° Fahr. 


85944,50 
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Table XI. 

London. — Coincidences observed with the Invariable Pendulum No. 8. 


Exp. 1. September 16th Noon. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 80%34* Planes No. 8. Therm. No. 4. Observer,* Captain Sabins. 


A». .nA Mmii Correaed Vibra- 
Correction. IntenrJ. 


At 64^9 Fame. 
I 85985,30 



Vibrations in vacuo at Farr. 85938,05 


Exp. 2. September 17 th A.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 80^86. Planes No. 8. Therm. No. 4. Observer, Captain Sabins. 


Tlierm. ~ i 

iQu DiiwpiK RcAipp 


— 




h n ■ 

64,3 

1 

16 

38 

16 

36 

7 

16 

34 


8 

88 

35 

88 

39 

7 

88 

37 

64,6 

3 

88 

39 

88 

48 

7 

88 

40,5 

64,7 

34 

36 

86 

36 

35 

10 

36 

30,5 


35 

48 

30 

48 

38 

10 

48 

34 

65,0 

36 

48 

33 

48 

40 

10 

48 

36,5 


AK.iid Um 
Ccmctloii, IntwraL 

Mean Solar Umo. 


At 64*, 65 Fabe. 


Reduction to 68® Fahr. 
Correction for buoyancy 


Vibrations in vacuo at 68® Fahb. 



85938,09 
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Tuui XI. (ContiiUMd.) 


ExP.a Bejmiibar IT* PJI. ■ Oodt mUag 8>40»lt Vibwiiiitfci t i faw 8 «I m Jkf. 
BtniB. 30°,84. PUaetNOiS. Them. Np. 4 . Oheenw, CifMh Bum. 


C n H Wl ri Vlbt» 
tiMufii M Hmiv 
liiM Salw Him. 


■ I Fahiu 



1 Tbnuor 

DIupp. 

lU-app. 


■ • 

u ■ 

h n ■ has 

56 48 

66 61 

If 56 49,51 

08 60 

08 63 

1 08 61,6 > 1 08 81,67 

08 68 

•8 56 

1 08 64 J 

68 81 

68 88 

8 68 84,5') 

68 84 

18 88 

8 68 88 > 8 68'88 

04 88 

04 86 

4 04 81, 6j 



SSMt 859tMS 


Rednetbu to 6S^ Fahk 

Cdrrectioii for buoyancy 


VIbrationi m vacuo at 68** Fahb. 85936»04 


£xP. 4e September 18th A.M. Clock nuking 86400,18 Vibvatioaa in a Mean Solar Day. 
Barom. 80^87. Planes No. 8. Therm. No. 4. Obatrver, Captain Sabinb. 


ComelNd Vibn> 
tion* in >4 Houn 
Mtui KoLur Tlmt. 


St 64^775 Fabs. 



Reduction to 68° Fahb. 
Correction ibr buoyancy • 


Vibradona in vacuo at 68° Fabb. I 88988,00 

































74 CAPTAIN SABINE’S EXPERIMENTS ON THE DIFFERENCE IN THE. 


TabiaXI. (Continued.) 


Exp. 5 . September 16tb P.M. Clock loikkig 86400,18 VibratioM in a Mean Solar Day. 
Barom. 30°, 24. Flanei No. 8. Therm. No. 4. Obienrer, M. QuaiaLai. 


Therm. 

u 


Ro-app. 

^8,9 

1 

m 

10 

1 

35 

m 

10 

1 

40 

68,9 

2 

16 

37 

16 

42 

66,0 

3 

22 

40 

22 

44 

66,0 

4 

28 

42 

28 

47 


5 

34 

44 

34 

49 

65,8 

30 

06 

03 

06 

10 

65,9 

31 

12 

05 

12 

12 

65,9 

32 

18 

08 

18 

16 

68,9 

33 

24 

12 

24 

20 

65,9 

34 

30 

16 

30 

24 


Times of 


Coincidence. 


1 10 3726 

1 16 392A 

1 22 42 
1 28 44,5 
1 34 46,5. 
4 06 06,5 
4 12 08,5 
4 18 12 
4 24 16 
4 30 20 


A¥» mnA Corrected Vibra- 

Cometion. IntervsL ***"“ 

Conection. IntervaL 


At 65”, 91 Faiii. 



3,124 85924,9 


4 18 12,6 


Redu^oi) to 63^ Fabb. 
Correction for buoyancy # 




VibratioBB in tbcuo at 68® Fahb. 85932,17 


£xP. 6. September 19th A.M. Clock making 86400,18 Vibrations in a Mean Solar Day. 
Barom. 30®, 20. Planes No. 8. Therm. No. 4. Observer, M. Qvetelet. 


Therm, d .5 

•aQ 


Disapp. Rc-app. 


Coincidence. 


64,0 

1 

19 

47 

19 

53 

8 

19 

50 

64,1 

2 

25 

49 

25 

55 

8 

25 

52 

64,1 

3 

31 

53 

31 

58 

8 

31 

55,5 

64,2 

34 

39 

52 

40 

04 

11 

39 

58 

64,3 

35 

45 

56 

46 

06 

11 

46 

01 

64,3 

36 

52 

00 

52 

12 

11 

52 

06 


Ateud Hw. 


At64”,17FiHa. 


8 25 52,5 

0,86 

n 46 01,67 

0,25 



85925,78 


Reduction to 63® Fahb. . 
Correction for buoyancy . 


Vibrations in vacuo at 63® Fahb. 85932,29 
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Table XI. (Continued.) 


Exp. 7. September 2l8t A.M. Clock making 86400,28 Vibratlona in a Mean Solar Day. 
Barom. 29°, 84. Planet No. 8. Therm. No. 4. Obaerver, Captain Sabine. 



Times of 1 

Arc and 

Mean 

Corructod Vibra. 

Diaapp. Rc-app. 1 Coincidence. 

Corroctioii. 

Interval. 

tion* in 114 lloun 
Mean Solar Time. 



Reduction to G3° Faiir. . 
Correction for buoyancy . 


Vibrations in vacuo at 63° Faiir. 


Exp. 8 . September 2drd A.M. Clock making 8G1'00,'38 Vibrations in a M(‘an Solar Day. 
Barom. 29°, 55. Planes No. 7. Therm. No. 4. Observer, Captain Sabink. 




Tinum of 

Coincidence. 


Arc and Mvon 

Correction. Interval. 



Reduction to G3° Fahr. . 
Correction for buoyancy . 


Vibrations in vacuo at 03° Faiir. 


Corrected Vibra- 
tioDH in ^4 I lour* 
Mean Solar 'I’iine. 


At m°,:j Fa II 

85927,12 


85931,93 


Exp. 9. September 23rd A.M. Gock making 86400,38 Vibrations in a Mean Solar Day. 
Barom. 29°, 56. Planes No. 7. Therm. No. 4. Observer, Captain Sabine. 


Uiaspp. I itMIpp. I 



Ar...nA Mm .1 Correctwl Vibra- 

cw... 


• • .At 6(y*,5 Faiie. 

0,71 364,464 85926,96 


Reduction to 63° Fahr. . 
Correction for buoyancy. 


Vibratitms in vacuo at 63° Fahr. I 85931,84 
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Table XI. (Continued.) 


Exp. 10. September SSrd P.M. Clock making 86400,38 Vibrations in a Mean Solar Day. 
Barom. 29^57. Planes No. 7. Therm. No. 4. Observer, Captain Chapman, R.A. 


Thann. 

% 

Times of 

Are and 
Comclioii. 

Mean 

IntervaL 

Corrected Vibra. 
tioas in S4 Honrs 
Mean Solar Time. 

Disspp. 

Re-app. 

Coinddcnce. 

8o,9 

61,4 

61,4 

61,4 

1 

s 

3 

35 

36 

37 

m ■ 

44 04 
50 07 
56 11 
10 24 
16 31 
22 32 

m ■ 

44 10 
50 13 
56 17 
10 41 
16 49 
22 48 

h m ■ h m s 

1 44 07 

1 50 10 M 50 10,5 

1 56 14 J 

5 10 32, 5n 

5 16 36,5 >5 16 35,5 

5 22 37,5 J 

o ■ 

i.on 

>•0,61 

0,*8j 

M 

364,265 

At 61^37 Fake. 

85026,60 

Reduction to 6S^ Faue 

Correction for buoyancy 

-0,68 
+ 6,93 

Vibrations in vacuo at 68^ Fahr. 

85931,85 


POSTSCRIPT. 

Tile expenses attendant on the conveyance of the pendulums and apparatus 
from London to Phris, and from Phris back to London, amounting to 26f. 15a. 
were defrayed by the Board of Longitude ; with whom the papers have been 
deposited, containing the original entries of the several observations recorded 
in this paper. 


In the account of my pendulum experiments made within the tropics and in 
the arctic circle, printed at the expense of the Board of Longitude, the rate of 
the clock with which the pendulums were compared was obtained at five 
stations, viz. at Bahia, Maranham, Trinidad, Jamaica, and New York, by 
means of a small repeating circle of six inches diameter, belonging to the 
Board of Longitude. The correct value of the divisions of the level of this 
instrument having been ascertained by Captain Kater since the publication 
of that volume, see Phil. Trans. 1827, Art. IX., the observations made with it 
at the stations above mentioned have been recomputed : whence it appears 
that at Bahia the astronomical clock was losing less by 0*,09 per diem,--Rt 
Maranham mare by 0*,01 per diem, — at Trinidad less by 0*,04 per diem,— at 
Jamaica more by 0*,08 per diem, — and at New York more by 0*,05 per diem,— 
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during the coincidences at each station, than was previously supposed. The 
length of the seconds pendulum at those stations requires consequently the fol- 
lowing corrections, viz. 

Bahia ;....+ *00008 
Maranham ; . . — *00001 

Trinidad ; . . . + *00004 

Jamaica j . . . — *00007 

New York ; . . — *00004 

I am also indebted to Captain Katbr for the discovery of the two following 
inaccuracies, which I gladly avail myself of the present opportunity to correct. 

In the Table of results with the detached pendulums, the mean of tlie vibra- 
tions of pendulums 3 and 4 at New York should be 86117>98 instead of 
861 18,48 ; and at Ilammerfest 86220,96 instead of 86221,46 ; and the resulting 
seconds pendulums, respectively, 39,10109 instead of 39,10153, and 39,19468 
instead of 39,195 12.** 

None of these corrections arc of sufficient magnitude to be sensible in the 
deductions by any of the modes in which the observed pendulums are combined 
or applied in the volume alluded to ; but, for the convenience of those persons 
who may have occasion to employ the results as dsita in other deductions, the 
following corrected Table is subjoined : 


St. lliomas ; 

Latitude 0 24,7 N 

; Pendulum 39,02074 inches. 

Maranham ; 

. « . 2 31,6 S ; . . . . 39,01213 . . . 

Ascension; . 

. . . 7 SS,2 S 

.... 39,02410 . . . 

Sierra Leone ; 

. . . 8 29,6 N 

.... 39,01997 . . . 

Trinidad; . 

... 10 38,9 N 

.... 39,01888 . . . 

Bahia; . . 

. . . 12 69,3 S 

.... 39,02433 . . . 

Jamaica ; . 

... 17 66,1 N 

.... 39,03503 . . . 

New York ; 

... 40 42,7 N 

.... 39,10120 . . . 

London ; 

... 61 31,1 N 

.... 39,13929 . . . 

Drontheim ; 

. . . 63 26,0 N 

.... 39,17456 . . . 

Hammerfest ; 

... 70 40,1 N 

.... 39,19475 . . . 

Greenland; 

. . . 74 32,3 N 

.... 39,20335 . . . 

Spitsbergen ; 

... 79 49,9 N 

.... 39,21469 . . . 
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V. On the measurement of high temperatures. By James Prtnsep, Esq, Assay 
Master of the Mint at Benares, Communicated by Peter Mark IIoget, M,D. 
Secretaiy of the Rf^al Society, 

Read December 13, 1897. 

Ip all the experiments had been recorded, which nt different times must 
undoubtedly have been made on the subject of Pyrometiy, by those engaged in 
operations requiring the accurate management of fire, the catalogue v^ould 
consist principally of abortive attempts, if not of decided failures. The efforts 
to obtain exact measurements of high temperatures have probiibly been aban- 
doned, partly from the occurrence of unforeseen difficulties, partly from the 
uncertainty of the results obtained : such, at least, appears to be the only wsiy 
of accounting for the blank presented in this interesting and practically 
important branch of chemical knowledge. 

In the admeasurement of the lower portions of the scale of temperature, and 
the determination of the proper methods of graduation, and the laws of expan- 
sion, gaseous tensiqn, &c. a great degree of accuracy has been introduced. To 
the extent of the boiling point of mercury, indeed, we have tolenibly exact 
values of the dilatation of metals and fluids ; and by Messrs. Dulong and 
Petit's experiments, the table has been extended to the irregularities of the 
thermometric indications of several substances, compared with the supposed 
uniform expansion of air, or of any other gas in a dry state. 

But with respect to the measure of heat produced by furnaces, until Mr. 
Danikll recently took up the subject, we only find upon record the invention 
of Mr. Wedgwood*^ pyrometer ; an instrument the indications of which are 
assumed in every chemical work as authority for some doctrines relative to 
the scale of temperature, which savour of the marvellous ; and for others, which 
a slight practical acquaintance with metals and crucibles must at all times 
have proved to be fallacious. As an example of the latter, I will only adduce 
the instance of the fusing point of copper, which, in Mr. Wxdgwood’b table, is 



80 MR. PRINSEP ON THE MEASUREMENT OF HIGH TEMPERATURES. 


placed, on the authority of Mr. Alchornb, considerably below that of silver ; 
whereas if a crucible containing the two metals in a state of purity be care- 
fully heated, the silver may be seen to flow round the copper some little time 
before the latter yields to the fire. 

Wlicn I assert that so little progress has been made in pyrometry, however, 
1 must be understood to refer only to the absolute measurement of high tem- 
peratures ; for which purpose Mr. Wedgwood himself never considered his 
instrument qualified, although it was well adapted to the practical purpose of 
ascertaining deviations from a i-egulated heat required in any process of the 
arts. In this branch of the subject we may no doubt find numerous con- 
tnvances on record, which the ingenuity of different aitists has at different 
times suggested. Most igneous operations, however, such as enamelling, 
assaying, foundry, &c. furnish tests of themselves on which the workman can 
genei^ally place all the confidence he requires. 

It is needless to describe the devices invented to indicate the mere compor 
rativc heat of fires : the principle of most of them consists in making a bar of 
some metal traverse the middle of the furnace, and act, by its elongation or 
otherwise, upon a convenient piece of mechanism outside. I have myself long 
made use of such a bar, carrying at one extremity an index on the coinpensa^ 
tion principle, made of silver and gold : and I only advert to it here that I 
may take the opportunity of noticing a curious circumstaqce brought to light 
by its constant use during five years. 

The heat communicated to this compound index can never have much ex- 
ceeded the melting point of lead, or about 700 ° Fahr., and yet the surface of 
the gold lias giudually become peifectly discoloured, and apparently pene- 
trated by the silver, in the same manner as would have been produced by 
mercuiy at a common temperature. -This effect commenced on the edges of 
the slip of metal, and has now advanced nearly over the whole surface of the 
gold, giving it the appearance, under the microscope, of .being studded over 
with hard tubercles of a leaden colour. The golden yellow, where it is not 
yet thoroughly changed, has become green like that of an alloy of gold and 
silver. The impregnation has extended to a considerable depth in the gold, 
and consequently the index has become less and less sensible to changes of 
temperature. But I should remark, that at the fixed end of the plate/ where 
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a piece of platina foil had been joined, to strengthen and support the index, no 
discoloration has taken effect, the platina covering seeming to shelter the 
gold from the argentine vapours. I should also remark, that the two metals 
were originally quite pure, and were united without any alloy, by simply laying 
an ingot of silver over one of gold, and heating the two until the former just 
began to melt ; the compound ingot was then laminated. 

Mr. Faraday has shown that mercury emits vapour capable of amalgamating 
^th gold at very low temperatures. The circumstance just described tends to 
prove that silver does the same while yet in a solid state, and below the lowest 
red heat visible in the dark. I unfortunately omitted to keep any note of the 
original weight of the bar, and am therefore unable to say whether any sen- 
sible diminution has taken place. 

To return from this digression. — ^In the Journal of the Royal Institution, 
vol. id. Mr. Danibll has described an ingenious instrument, with which he 
measured the fusing points of many metals, and which has served to remove 
many of the anomalies of our so long undisputed catalogues. It may, however, 
be uiged agmnst his pyrometer, that platina has a smaller dilatation than 
every other metal, which is again diminished by the expansibility of the in- 
closing case of black-lead ; and, moreover, that plumbago is acknowledged 
to be a very bad conductor of heat, and is liable to lose its shape. There 
does not appear b^ Mr. Danibll’s account, to have been a desirable accord- 
ance in the result of different trials, excepting in the two experiments upon the 
fusing point of silver. 

In the present day such a laudable jealousy of invention exists among 
s^entiftc men, that it would be dangerous, even in this remote part, of the 
woiij^ to pass over any thing connected with my subject, lest I should be 
suspected of plagiarism in what I may hereafter offer as my own. I should 
theirefore notice that Dr. Urb has recommended an air thermometer made of 
platiim ; b^t I cannot learn whether his plan has ever been carried into effect*. 
Sir Jambs has also announced that he has found a means of measuring 
funiaoe heat ; and the world will no doubt receive it with the confidence due 
to 0ie ingenuity of Hha illustrious inventor. 

* bat I htvt mi ao tlaitniMito of ex- 

poEuaeaUMyde 

uDcqmna. ‘ m 
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The mind often speculates upon such subjects without bringing- its crude 
ideas into practical form. I have at one time thought that the light, and con- 
sequently heat, of a fire might be admirably measured by the eye, with the 
intervention of a series of thin plates of coloured glass or talc ; the number 
necessary to obscure the. light being the indication of the heat. 

It would be difficult, without actual trial, to estimate the objections to a 
photometer of this kind, from which doubtless some useful observations might 
ai*ise : the intense heat of the oxy-hydrogen blowpipe, the fusion of platina, 
and other refractory metals, might thus be roughly estimated. ITie dark 
brown mica is well adapted for the construction of such an instrument, which 
might be mode of one or two hundred thin laminae pasted on card frames. 
The eye should be protected from extraneous light by means of a dark tube 
during observation. 

After trying various plans, I have at last.fited upon one which appears to 
have superior claims to accuracy 5 and possesses the great advantage of being 
identifiable at any time and in any part of the world. 

The fusing points of pure metals are determinate and unchangeable ; they 
also comprehend nearly the whole scale of temperature: the unoxidable, 
or noble metals, alone embrace a range from the low melting point of silver to 
the high ignition of platina. There are, it is true, only three fixed points in 
this scale ; but as many intennediate links may be made as are required, by 
alloying the three metals together in dififerent proportions. When Such a series 
has been once prepared, the heat of any furnace may be expressed by the alloy 
of least fusibility which it is capable of melting.. Besides the unity of determi- 
nations which such a pyrometer would give, several other advantages might be 
enumerated :— -the. smdlness of the ajqMtratus ; nothing more being necessary 
than a little cupel, contaiiiing in separate cells dght or ten pyroiiietiic tdloys, 
each of the size of a pinfs head the indestrucdbility of the spedmens^ since 
those melted in one experiment would need only to be flattened under the 
hammer to be again ready for action and thefimility of notation ; since three 
letters with the decimal of the alloy would express the maximum heat : thus, 
pyrom. S .3 G might be used for an alloy bf*0.7 silver with . 0 . 8 ' gold, and 
G. 23 P would express gold containiug 28 percent of platina.: , 

Having thus explained the principles of my proposed pyroixieter,'^! proceed 
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to ,de8cribe the circumstaiices worthy of notute which occurred in the prepa- 
ration of the alloys. 

As gold melts at a heat not very much above silver, 1 assumed only tcM 
degrees between them, measuring each by a successive addition in th^ alloy of 
10 per cent of gold to the pure silver;* the tenth degree lAnng, of course, 
measured by pure gold. Ihese alloys are easily mode, and require no com- 
ment : in accurate researches, they may be further subdivided, using always 
the decimal notation. 

From the fusion of pure gold to that of pure platina, I assumed 100 degrees, 
adding one per cent of the latter metal to the alloy which measured each suc- 
cessive degree. Now, it is hardly to be supposed that the progress of them 
hypothetical degrees represent eqiuihle increments of heat ; they will however, 
as I before observed, always indicate the same intensity ; and their absolute 
value, as a matter rather of speculative tlian of practical interest, is to be sought 
by other expedients, sndi as the expansion of a platina bar, in eo-opCration 
with the pyrometric cupel. I shall hereafter have to show how this has been 
practised in mehsuring the melting point of silver. 

It was as long ago as the year 1821 when 1 made up the first twenty alloys 
of platina and gold ; the metals were in a state of purity, and the proportions 
were adjusted to less than the thousandth part of the unit of each specimen, 
which weighed precisely 15 grains troy. The metals were fused In a powerful 
forge, supported on a small bone-ash cupel, and inclosed In on earlhem cru- 
cible. The access of air was prevented as fkr as possible, and in some cases 
the metal was wrapped in paper to prevent the separation of small particles^ 
1 am .thus particular in describing minutely the process fusion, because some 
unexpected circumstances presented themselves in the fused buttons, which 1 
believe have not hitherto been observed. Upon examining the specimens on 
their letum from the fire, some were found to have gained considerably in 
wdght ; these were always more or less brittle under the hammer : others re- 
turned of the same weight as at first ; uid some few had even lost sUghtiy in 
weight, and these, especially the latter, proved perfectly malleable. They were 
also of a brighter colour, and more deeply crystallized on the surface with the 
curiously knotted retlform indentations so peculiar to the alloys of platina. 

1 cannot here refrain from indulging in a frw remarks upon the cause of 

m2 
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this phaenomenon. Neither gold nor platina> alone^ were known to have the 
faculty of absorbing oxygen at high temperatures ; and yet I could attribute 
the increase to nothing else^ as carbon in many cases was not present, and the 
cupel exhibited no trace of being acted upon ; excepting now and then where a 
paper covering had been employed, when the phosphate of lime had assumed, 
under the metallic button, a beautiful bright blue colour, resembling that of 
phosphate of icon. I soon satisfied myself that no carbon had been absorbed, 
by submitting a portion of the suspected metal to solution in nitro-muriatic 
acid. Neither could 1 obtain traces of silex, nor of any other earth ; although 
M. Boussinoault has observed that platina may even be readily fused by com* 
bining it with silex, which is effected by heating the metal in a crucible lined 
with wood charcoal : the metal in such case becomes brittle, and gains about 
one per cent in weight ; but the silex is regularly discoverable by its forming 
a jelly on solution in aqua regia, which was by no means the case in my expe- 
riments. 1 am rather inclined therefore to believe, although unable to confirm 
the supposition for want of due examination, that the increase of weight must 
be attributed to oxygen, as has been proved by Mr. Lucas to be the case with 
regard to silver and copper. But the former of these metals gives out, at the 
moment of its becoming solid, the oxygen absorbed while it was in a liquid 
state : and copper, when quite brittle from the presence (as is supposed) of 
oxygen, may be restored to its malleable state by what is technically called 
poling ; that is, by bringing carbon in contact with the melted metal : whereas 
when I remelted one of the platina alloys in an envelope of leather, it gained 
additional weight, and became more brittle than before.-*-The subject must 
be left for future examination. 

The following Table will explain more fully the efifect to which 1 have 
alluded. I have continued the series of alloys up to 70 per cent of platina, 
but that and the previous specimen were not fiiged in^the highest forge heat. 
G .55 P. was only half melted by the intense heat, capable of fusing the cupel 
of Gualior clay in which it was supported.( 
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Alloys of Flatina and Gold. 


Fk'OpOttMUM of 

Mo. I -T- Hortomployod. 



hottest part of 
assay Aimace. 

ditto remelted, 
foige. 


bone-ash cupel 
melted. 


Gualiorday. 
crucible melted. 


Coloaroftht 

Alloy. 




18*6 

18*7 

19*5 

19-4 

18*7 

19-0 

19-4 

18*8 

18*6 

90*0 

19*1 

19*9 

90*5 

90*9 

18*9 

90*9 

90*0 

19*9 

19-0 

18*9 

90-0 



1000 

1001*4 

1001 

1000 

1004 
1008*5 
1001 
1014*5 
1000 
1000 

1005 

1003 
1000 
1013 

.1000 

1000 

1004 
1003 
990? 
996 

1000*9 

999 

994 

990 

1000*9 

1000*3 

1000 



1000*3 

991 

1000 


MdlMblllijr. 


Perfectly malleable. 
Rather Brittle. 

Ditto. 

Ditto. 

Not very perfectly fhied. 
Brittle. 

Rather so on edges. 

Very brittle. 

Quite malleable. 

Quite malleable. 

Brittle. 

Brittle. 

Quite malleable. 

Very brittle. 




Quite malleable. 

' Brittle on edges. 

Ditto. 

Perfectly malleable. 

Ditto. 

Not entirely. 

Malleable. 

Not quite malleable. 
Perfectly malleable. ' 

Cracks on edges and blisters. 
Ditto, ditto, and brittle. 
Rather brittle. 

Brittle, but not fused. 

Not fused. 

Platina wires only aggluti- 
nated or soldered together 
by the gold. 


Note 1. — The first four specimens were melted under an assay muffle : they 
were wrapped in paper, and the bone ash cupels were all stained under the 
metallic beads of a fine azure blue (query, phosphate of iron ?). 

3.— The beads melted in a foi^, when suffered to cool gradually, were all 
crystallized deeply^ the colour of the brittle beads was duller than that of the 
malleable ones. 

3._No. 7 was lemelted inclosed in leather: it gidned an additional six- 
tenths p» cent, and was mote brittle than before. This is nnfisvourable to the 
oxygen hypothesis. 

4^The qwdfic gravities were taken after hammering and annealing: but 
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they cannot be depended npon, on acotMnit o£the unm-H bulk of the gnirfniAiMij 
and, the cracks on their edges : they are, hoarever, (he mean of two sepanMe 
experiments made at distant JMeiiotk; andprote, in a general way, dot Ae 
brittle were of less specific weight than the niaUeable beads. i 

■ ' ■ ■ ■ . ' . i 

I shall now proceed to mention a fitw trials made wiA my pyrometric all^ 
in different furnaces and in different parts of the same furnace. The ^parity' 
of heat is greater than might have'been supposed : and where, as in assaying 
the precious metals, so much depends upon the temperature at which the 
operation is perform^, it would be useful to 'know every di fference in Ais 
respect obtmning in various countries^ and its e^ect upon Ae quality or stand* 
ard of bullion. 

Maximun tlby meltdd. 


Muffle of an assay furnace ; front; S.0 6 

Muffle of an assay friniace ; middle ; average S .3 6 

Muffle of an assay furnace 3 behind : average S.S6 

The Calcutta charcoal is better than that of Benares, and fre> 

quently heats the muffle' to . i 6.04 P 

Calcutta sflver-mdting frunaoes of Ae IkigliiA construction 

(specimens inclosed in an iron melting-pot) 6 .0^6 P 

Calcutta open native fhmace . G.()6P. 

Calcutta blast Amace for inelting musters . . . . . . . G.20P 

Black lead table Amace without chimney 6 .08 P 

Apex of condensed air blowpipe flame G 4S0.P. . 

Melting point of copper by two trials under a muffle . . . 6 .03 P 

hielting of cast iron, about . ' . . . G AO P 

Highest heat of a forge wiA Ae charcoal of Benares ■ , . ‘ . G ASP 


The above examples are Sufficient A Aow Adtuse iff this siinple instmmnit 
as an indicator of heat. 1 lay no stress upon Ae m^A>g points of oopper>or iron, 
because I have no opportunity of trying them on a large scale. The instrament . 
is well adapted for measuring the relative Arce <ff diflhrent Ael{-K>f pit-coal, 
charcoal, wood, Ac.; a pomt, in this country espedally, where wocifis vary ns 
milch in texture, of no mconsiderable interest. In conclurion, I ROtloa 
that some mgenuity is necessary in.Ae contrivance of a box to hold and. pipe- 
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serve the specimens separate ; and that the alloys of silver and gold lose in 
weight by long exposure to heat : they are however easily replaced ; and the 
little musters need never be thrown away, as the gold may always be again 
purified. The platina alloys ore very durable. 

Having explained the means which 1 had provided for ascertaining the 
relative heat of a fiirnace, I turn to tiie more interesting portion of my 
experiments on pyrometric subjects ; namely, the determination by means of 
an air thermometer of the absolute temperature at which pure silver enters 
into fusion. And here I pass over many fruitless endeavours made with cost 
iron retorts filled with azote to prevent oxidation, and proceed at once to 
the description of the apparatus which at last satisfied my expectations, and 
furnished the results presently to be enumerated. 

In Plate II. fig. 1. the complete apparatus is displayed at the moment of an 
experiment. A, represents a retort or bulb of pure gold* weighing about 6500 
gnuns troy, and contmning nearly ten cubic inches of air. B, is a tube also 
of pure gold, which at its outer end is firmly united by a small gold collar to a 
similar tube, C, of pure silver ; the bore of tHe latter tube is larger than that 
of the gold ; but to prevent any undue influence from the unequal heating of 
the air contained in them both, and to confine the operation entirely to tlie 
gold bulb, the two tubes are plugged by wires of the same metals, so as to 
leave a very minute crevice for the air to pass. The outer part of the tube C 
is kept cool with a wet towel, to protect the stopcocks and flexible tube D. 
The tube D completes the tommunication of the air bulb with the glass 
reservoir E, which is intended as a substitute for an inconvenient length of 

* Theie experimente only fiiniislied me with one fact new to myielf; namely, that cast iron acquiree 
a permanent increase of bulk by each succetsiTe heating: for the cubic contents of the retort used, 
as determined by the weight of pure mercury contained at the temperature of 80^ were as follows : 

Befon^the first experimen 9.18 cubic inches. 

After the first fire 9*64 

After three fires 10.16 * 

And the sugmentation, which is more remarkable, exceeds the d i l a t a tio n due to the tenperature to 
which it waa exposed; for as iron expands .0105 in 180 degrees, the increase of bulk upon 10 cuhte 
indues dioal^ be ^105 X 8 s; .815 at 1800^ Fahe., or near, the mdtii^ point of silfer; whence it 
ihay becoiidiidedfiuufttedita^ of iron is not equihky as has besualso proved by Messrs. 
DnMw Md'FsffW; ' • • ' 
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graduated tube. This reservoir is nearly filled with olive oil, and is furnished 
with a safety tube and bulb F into which the oil rises when the air of A 
begins to flow, and a stopcock below, for the purpose of restoring the equili- 
brium of pressure by draudng out a portion of the oil. In the collar of the 
reservoir E, however, there is another stopcock aperture, leading into a gra- 
duated glass tube, G, in which a small bubble of oil is made to traverse. As 
this tube was very accurately divided into two-hundredths of a cubic inch, and 
may be read off to a tenth of that quantity, the equilibrium is capable of very 
delicate adjustment. 

The fiimace, as the figure exhibits, was situated in an adjoining apartment, 
so as to screen the exterior apparatus entirely from the heat. A small ther- 
mometer in F, however, serves to note any small change of temperature in the 
reservoir. 

The furnace and muffle need no description, being of the ordinary assay 
construction, /i, p, /», are little pyrometer cupels containing alloys of silver 
and gold, as mentioned in the former part of this paper. 

Fig. 2. represents one of these pyrometer cupels with the lid raised, showing 
three of the alloys melted, and the rest retaining their form. 

Every part of the instrument was ultimately rendered perfectly air-tight. But 
the first twelve experiments were rgected on account of minute leakage, which 
was at length entirely overcome ; and several more were excluded on the sus- 
picion of the air within the bulb not being thoroughly deprived of moisture, 
which desideratum was at last considered to be attained after frequently reple- 
nishing it with fresh air from a mercurial gasmneter, where it had been exposed 
for days and even weeks to the drying action of concentrated sulphuric acid. 

The absolute temperature, as must be evident from the construction of the 
instrument, is to be deduced from the measured volume of air expelled from 
the heated gold biiib , which volume again is to be found by the weight of 
the oil drawn from the reservoir, togeihcr with the adjustment of the bubble 
of oil in the g^uated glass tube. The necessary calculation, however, eim 
braces several corrections : some of them of minor effect and of known an4 
certain influence,— as the formulse for barometric and thermometric change $ 
specific gravity of the oU, &c. others, which aflect materially the results, an^ 
are by no means so certain In their power : these are the dilatation of gold ait 
high temperatures, and the absolute law of gaseous expansion. The closh 
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agreement of M. Gay-Lussac's and Mr. Dauton’s expressions for the expansion 
of gas between the fudng and the boiling point of water (0.375 and 0.376 in 
ISO** Fahe.) leaves^ it is tnie^ but Uttle room for hesitation in the adoption of 
the term 0.375 for 180 degrees. But as the tables of the dilatation of metals 
only give that of gold up to the boiling point of water, 1 may be wrong in as- 
suming an equable rate of increase for greater heat : and it is therefore as much 
to provide against alterations in these points by future experimentalists, as from 
an earnest desire to conceal nothing which may affect my general conclusions, 
that I venture to trouble the Society with a detail of the data on which the 
several calculations are made. By this means, too, the following tables will 
speak for themselves, without the necessity of continual explanation. 

First Series. 

1. The tubes of lilTer and gold not plugged. 

2. The content#, or interior volume of the gold bulb ind tube, were found equal to 9.989 cubic inShei, 

at llie rate of S5S.897 graini of pun wuter to the cubic faieh it 80^ Fahu. : but m the mbiu# 
enpeiuion of the portion of air in the gold tube, due to Tci not being heeted to the AiU hett of 
the bulb, wu nuher moie then bidenced by the plue expaneion of the air in the eilver tube, the 
volume if eetimated at 10 cubic inchee. 


3. The epecific grevity of the oil found to be .91 et 80^ Fahu* 



MOCCCXXVIU. 
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Second Series. 

1 . I’he silver tube was now plugged widi a wire whose cubic measure was 0-611 mcb. This, pro* 

icciing a little way into the gold tube, diminished the latter about 0*03 inch. 

2. The volume of the gold tube being 0*416 inch, requires, now that there is no counterbalancing 

effect produced by the air of the silver tube, a correction to be introduced for its not sharing the 
full heat of the bulb itself in the furnace. I have thus experimentally estimated this correction, 
dividing the tube into four compartments : 

the first containing 0*185 ; heated, say to 1200°, yields expansion 0*647 

the second — *120 — — 1100 *394 

the third — *080 — — 1000 *246 

the fourth — *030 — — 900 *086 

Sum.. . .1*373 

•415 heated all to 1600° would yield . . . .1*785 
The quantity of cold air expelled from tlie tube proportionate to 1*785 is 0*319 

and for 1*873 is 0*290 

, , , , - leaving a difference 0^20 

which IS to be deducted from the residual gas in every experiment ; or, as it comes to the same 
thing, may be deducted from the contents of the bulb and tube at once. 10*062 — *03 + *029 
= 10*003. Therefore 10,000 may be safely used as the volume of air during the present series. 

3. The specific gravity at the beginning and end of these experiments was 

24th of September at 88°. ,. .*9111. 11th of July at 82°. ...*9126 

•And the latter estimation is used for the temperature of 80°; to which, in the following series, the 
weight of the oil expelled is always reduced. 



Oil ex. 

1 Barometer 

1 Thermometer 

Adjustment 
of the Index 

is 


' ► Date. 





NotM nuids m the thna. 

pulled. 

before. 

afler. 

bcfoie 

after. 

July 14 
15 

troy gn. 

.In. dee. 

dec. 

deg. 

dw. 

cub. in. 



1789- 

29*25 

*35 

83*3 

89* 

+•012 

11 

Large fumaoc alwam used. Full melting heat. 
—Apparatus placed In the cold muffle the pro. 



29*25 

•35 

83*8 

87* 



ceding evening. 

16 

, , . . 

12 

Same experiment. At a full red heat. 

1738*2 

29*28 

*38 

91* 

89*7 

-*030 

13 

Oil allowed to remain in tlie safete tube under 
a prcMure of three inches during Ae night ; so 
tmt a small portion of air might have been ab. 
•oibed by It. 

Good exp^ment When cooled down, the index 



17 


29*38 

•375 

89*8 

92*5 

+•068 

14 

19 

1801* 

29*28 

•39 

90* 



15 

returned almoet precisely to the original point. 

89*9 

+*033 

Fresh air from the gasometer. Hot6re. 

20 

489* 

29*37 

*37 

EM 

91* 

-•021 

16 

In boiling water— whole tube submerged. 

21 


29*32 

*34 

88*5 

88* 

+*035 

17 

Hot fire. Heoceforwanl the instrument was pnt 


1809*6 

29*27 






suddenly into the muffle when heated to the 
necessary pilch. 

24 

*282 

91* 

88*2 

+ •005 

18 

Moderate fire. 

24 

1816*2 

29*28 

•27 

91*8 

94*9 

+ •018 

19 

Ssoond fi^«— rather hotter than the last 

25 

1821*9 

29*28 

*32 

88*2 

90*9 

-•060 

20 


27 

1814* 

29*24 

*27 

85*4 

I 88*2 

—•012 

21 


2H 

1836*2 

29*29 

•286 

85*7 

88*8 

+ *019 

1 22 

Hot fire^ 

1 29 1843*4 j 

29*26 

*28 

83*8 

83*9 

+*069 

23 

Before this experimmt the gold bulb had baea 





86*6 




inadvertently filled with the damp air of the 
rooin.^ygr. 91^. 

291787*2 

29*29 

*27 

91* 

+ *033 

24 

Dry air from the gasometev— low hcM. 

31 1813*4 


*21 

82*9 

83*6 

•000 

25 

Silver-nelting heat. 

Aug. 2 1816*7 

29*4,36 

*442 

82* 

85* 

+•025 

26 

Full heat. 

,31795*7 

29*405 

*43 

8,3*7 

86*5 

+ *010 

27 

Silver not melted dose to the bulb. 

.•>1820* 

29*41 

*44 

83* 

8.3*5 

-•008 

28 

A hotter fire. 

71823*3 

29*4.'> 

*4.'i,'> 

83* 

84*3 

+•028 

29 

Ditto. 

91821*6 

29*475 

*474 

89* 

91*4 

*000 

30 

Fully the nutting point of silver— air fresh frum 

1 1 

1 






die gasometer. 
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Although the foregoing series of experiments exhibits as much uniformity as 
could possibly be expected in a subject so liable to unavoidable irregularities, 
still 1 felt ansdous to get rid altogether of the small correction allowed for the 
imperfect heating of the tube. With this view I re-opened the tubes, and fitted 
in the thick gold wire mentioned on a former occasion. Tlie interior volume 
was now reduced to 0.7615 cubic inches: and by the trial in boiling water, 
this appears to be most correctly the influential volume. 


Third Sbribs. 



OSes- 

Barometor 

Tbemometer 

A^usttnent 
of tno Index. 


Notei made at the time. 

Dm*. 

pelled. 

befora. 

After. 

before. 

after. 

iS 

Aug. 

tfojrgn. 

In. itoe. 

Am. 

do*. 


cub. in. 

31 


17 

455*9 

29*40 


87*8 



In boiling water. Initniment in a very perfect 
itate. 

18 

1736*3 

29*43 

*451 

84*3 


+•025 

32 

Large ftimaco ; a little hotter than silver fusion. 

SO 

1735*6 

29*472 

*480 

83* 


+ *051 

33 

A minute portion of atmospheric air had pra. 
vlously been admitted to the dry air of die oil 
reservoir.^ Good experimenL 

21 

1786*8 

29*486 

EH 

81*9 

86* 

—170 

34 

Full muffle heat. 

23 

1695*5 

29*43 

*44 

82* 

86*3 

-*012 

35 

Small ftirnaoe. Bright orange heat ; silver nob 
melted. 

26 

; •• 

*• 

** 

•• 

* * 

.... 

36 

Back of the gold bulb melletl at a temperature 
of about S .9 O. There had been e UtUe hilvcr 
solder epplied to die part which gave way. 


After this accident 1 endeavoured to render the bulb again serviceable by 
patching on a new bottom with as little solder os possible. In eflccting tlie 
junction, I had reason to fear that a small portion of boiux got into the interior 
of the instrument, and injured the subsequent experiments ; and, as accidents 
seldom come singly, I was also perplexed by a few drops of oil having oozed 
down the tubes into the bulb, and, being suddenly conveited into permanent 
gas, producing an excess in the quantity of oil driven from the reservbir. In 
four experiments the excess was about 160 grains, and the cause was evident 
during the procesELof cooling s but it was difficult to estimate the exact amount 
pf new gas generated. 

The contents of the repaired bulb were 7*666. 
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Fourth Ssuns. 


Date. 



Thonndmettf 

Adluatment 


Notes made at tbe time. 

!j||g 

before. 

aAer. 

before. 

after. 

pun 


Sept. 6 

trojrgn. 

184M 

In. dee. 

29*575 

dee. 

•680 


!i^ 


H 

Aholdre. 

7 

1813'5 

29*55 

•56 

86-9 

91*1 

+•036 

38 

Moderate and regular. 

7 

1923*3 

29*592 

*58 

Sfl- 

94-8 

91<6 

+•072 

39 

VeiT hot fire. The aoldcr on the bottom of the 
bulb bad evidently run, but no leakage ensued. 

8 

1848*4 

29*54 

•54 

88* 

+•028 

40 

A regular dre. 

9 

1842*7 

29*58 

•59 

67* 

89-7 

+ •037 

41 

Below the ordinary boat 

11 

1900*8 

29*49 

•49 

87* 

91* 

+•040 

42 

Hot dr^Quere^ any air ganerated. 

13 

1867*8 

29*38 

•398 

87* 

88*5 

•000 

43 

Solder had partially ftised. No leakage. 

14 

1859*5 

29*47 

•47 

88*2 

91*1 

+•015 

44 

A good experiment. 

14 

1852*5 

29*48 

*48 

89*2 

92-9 

+*066 

45 

air ftom the gaaometer. No leakage { dte 

17 

859*2 

29*41 

•40 

87* 

89* 

+•0*4? 

46 

In boiling watsr.— lliis extiaordinaiy anomaly 
[ aoemed to be caused by an exceedingly minute 


luge. The longer the buU) renuoned in the weteff the mora gee eme ot er ; and when the instrument 
nitted to the Aimaee, the oil expelled emounled onlr to 1900 end ISOO gndni^ proving that lome leak- 
age exirted which wai not perceptible at a low tamperatun. With thia experiment the whole seriea waa brought to a 


It now rerndns to convert the data afforded by the foregoing table into 
degrees of the common thermometer. A single example will suffice to explain 
the process of this simple though somewhat lengthy calculation : and the table 
No. II. which follows, will set forth the fundamental data whence the results 
of each experiment are deduced. 

One or two corrections, — ^for the expansion of the glass reservoir, and for 
the minute quantity of air contained in the exterior part of the appaiatus,^— are 
omitted in the calculation, as hardly appreciable ; the temperature of the air 
in £ (hg. 1 .) may not ahvays have been given with accuracy, as the thennometer 
^vu8 unavoidably suspended in F. No error on this head could exceed a single 
degree, as the screen wall effectually kept off the influence of the furnace, or 
equalized it on all objects connected with the apparatus outside. 
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Onn|ehMt 
1673 I none | Bri^tor»ii|i. 

Bright nd hti^ nther orange. 

94 I 1738 ] none i Bri^toraiigt—noiqui|e melting lilver. 
Silver wire melted. 

1627 I91 11718 1 S IPerhapialitdeleii. 


9198 S.SG 


Damp air \ 

Ditto > (ThcM three rejected.) 

Ditto ) 


Full red heat. 

R^jeelad.— Some air ooied out in night? 

1933 [S .FG?! H^jrianeter cupal not employedi but put down 
Fr«h air. [by eedmatiuo. 

Doubtftil 10 what the euaiB eaa be attributed. 


Pyrometer cupel at back of bulb S.3 G. 


Fyronater ; behind S A 0, in ftont 8 .8 0. 
Damp air.-- Rejected. 

8 Dry ah. Fire proved dull. 

S BabHSaidG. 

S.1G 

S Hardly 10 bi|^ 


83 I 1958 IS.2G 
9098 
1966 
919 
1789 



[water. 

The whole bulb and tube lubmerged in boiling 
Ferhepe theie three an all a little too low ; for the 
pert oflhe bulb nett ihetubemuEtbvebecn lew | 


the dMIhmiM however nniit be very imalL 
Fraoi the uncertainty attending this Nrice of et- 
pcriwenlib it la better at onee to n|)ect the re- 
lullini tempenlufeii iln Noi.S9aad48fm 
wii evidently ginenledt and upon bnaking 
up the luinment the interior of the tubei wae 
found coelid with oil, and the glete of borai. ' 
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The average results may be thus expressed ; 

Full red heat . . . 1200 

Orange heat . . . 1650 

Silver melts. . . . 1 830 

Silver with gi<>ld . 1920 

Silver with ^ gold> say 2050 


Example of the calculatwn of temperature from Table 1. 

On the 27 th July 1826 — ^twenty-first experiment. 

Weight of oil at temperature 80^ 1814*0 graing log. 3*2586875 

Correction for barometer • • • •difference of logarithms + *0004453 

Correction for thermometer jgfig} lo g- '9768879 1 jjj. _ - 00*6886 

Constant for specific gravity of oil ss *9^25 7*96023201 ^ 2*8623171 

Constant for grains of nrater per cubic inch = 252*397 . . 2*4020842 j * • • "“ 

Results, Correct volume of air expelled at 85^*4 s 7*8358 cub. in. 0*8940819 

Volume of bulb. , , . 10*0000 mmmaammm, 

Residual gas in the heated bulb 2*1642 0*3352974 

Correction for change of barometric pressure — *0004453 

Correct residual gas • • • 2*1 620 0*3348521 

Expansion of gold at 1950° on 10 cub. in. = *470 1*0199467 

1* 


Therefore as 2*1620 : 10*47 : : 10 :1 _ 48*428 
volume of gas, if all were heated / 

deduct 10*000 


Results. Quantity of expansion, cubic inches 38*428 


Constant for gaseous expansion 0*375 1*57403131 

Constant for 180° Fahb 2*2552725/ 


.. 1*6850946 

1*5846478 
+ 1*6812412 


1844*6 3*2658890 

+ 85*4 


Temperature of die furnace in degrees of Fahb. 1930^ 
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I have now brought these experiments to a conclusion^ and believe that they 
are sufficiently trustworthy to warrant a reduction in the tabular melting point 
of pure silver of at least 400 degrees below the determination of Mr. Daniell, 
while they indisputably prove the superiority of that gentleman’s thermometric 
table as contrasted with that of Mr. Wedgwood. 

That the air thermometer cannot be expected to give indicatiems perfectly 
accordant, those who have kept registers of the manometer of the sympieso- 
meter will be ready to grant. At high temperatures, also, a very small differ- 
ence in the quantity of air ejected produces a considerable change in the cor- 
responding heat ; and the air thermometer has the disadvantage of becoming 
less sensible with every increase of heat ; for the portion which is expelled 
from the hot bulb must necessarily be cooled to a known point before it can 
be measured. The substitution of a reservoir of oil or mercury in the place of 
a mere graduated tube is essential, where the instrument is to be suddenly 
thrust into the fire, as the rapid motion of a bubble of liquid in a tube would 
either, if oil, leave it as a film lining the tube, or if mercuiy, break a passage 
for the air by the side of it. The reservoir employed by me was equal to a 
tube fifty feet long, and of the same bore as the adjusting tube G. 

To obviate the uncertainty of the increase of the bulb A, 1 constructed an 
apparatus for submitting the dilatation of gold and other metals to actual 
measurement : but as 1 have not yet concluded my experiments, 1 shall re- 
serve them for a separate communication. 
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VI. On Captain Parry’s and Lieutenant Foster’s e^rperiments on the velocity of 
sound. By Dr, Gerard IVIoll, Professor of Natural Philosophy in the Uni- 
versity of Utrecht, Communicated by Captain Henry Kater, U,P.R.S, 


Read January 17, 1828. 


During Ctaptain Parry’s winter residence at Port Bowen, in 1824 — 1825, 
experiments were instituted on the velocity of sound. As, probably, inves- 
tigations of tliut sort will not frequently be made at such low temperatures, it 
appears not uninteresting to compare the results obtained, with the tlieoretical 
formula of the late lamented Laplace, and also with other experiments made 
under different circumstance.s. With this view I caused niy assistant M. Simons 
to make the calculations of which I am about to rendiu* an account. 

Captain Parry’s and Lieut. Foster’s experiments were made at Port Bowen, 
iu 73® 13' 89" N. and 88® 54' 55" W. of Greenwich. The distance of the brass 
six-pounder from the station of the observei’s was trigonometrically determined 
by Captain Parry to be 12892,96 English feet, and by Lieut. Foster 12892,82 
feet ; the mean being 12892,89 feet. Time was measured by pocket chro- 
nometers held close to the observers’ ears. The direction of the gun was 
S. 71^ 48' E. The table of the experiments is repeated, to avoid the neces- 
sity of reference. 


Date. 

Barom. 


Wind. 

Weather. 



llnte of 
travelling 
per 1" in 
fcot. 


Direction. 

Force. 

rani 

fired. 

Paaav. 

Foma. 

Mean. 

1824. 

Novemb. 24 

Engl. Inch. 

29,841 

Fahr. 

- r 

E.8.E. 

light 

overcast 

5 

II 

12,.3.W5 

11 

12,4.30 

11 

12, .301 2 

1040,49 

December 8 
1825. 

January 10 

29,561 

- 9 

N.N.E. 

squally 

very clear 

6 

12,:»1 


12,4288 

1037,34 

30,268 

-37 

E.8.E. 

light 

clear 

4 

12Ji889 




Februaiy 7 

29,647 

-24,5 

M.E. 

light 

very clear 

6 

12,639 

12,6167 

12.6278 

1020,90 

17 

29,598 

-18 


calm 

overcast 

6 

12,372 


12,406 

10.30,25 

21 

29.735 

-37.5 


calm 

overcast 

6 

12,8167 


12,7617 


March 2 


-38,5 

easterly 

light 

overcast 

6 

12,640 

12,780 



22 


-21,5 

westerly 

light 

clear, and fine 

6 

1 ^^ 

12,7167 

12,5583 


June 3 

30,118 

+33,5 

easterly 

light 

very clear 

6 

11,7333 

11,744 

U.73H7 


4 

30,102 

+35 

8.E. 

strong 

clear 

6 

llji889 

11,4733 
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As it is suggested by the observers themselves, that the experiment of 
the 4th of June was influenced by a strong wind, blowing in the direction of 
the base, I shall not take the result of that day into the account. From the 
mean of al! the otfier observations, wc have the velocity of sound in one 
second equal to 1035,19 English feet, at a barometric pressure of 29,930 
English inches, the temperature being — 17°»7i2 Fahr. 

Laplace’s theoretical formula, for the computation of the velocity of 
sound, is 

V = v/Mxv'|. 

V being that velo(;ity. 

p the barometric pressure. 

D the density of the air. 

— the ratio between the specific heat of air, at a constant pressure and at 
a constant volume. 

Taking the French metre equal to 39,38255 English inches -f*, as results 
from English and French comparisons, we have 1035,19 feet = 3 ) 5,4597820 
metres ; 29,930 inches = 0,70013 metres ; — 17°, 72 Fahr . = — 27®,1 Centig. 

According to Biots and Arago’s experiments, and taking the dilatation of 
mercury by heat as detennined by Dulong and Petit, we have the weight of 
a cube centimetre of mercury at 0® Centig. 13,596152 grammes. The same 
philosophers found the weight of a cube centimetre of dry atmospheric air, 
under a pressure of 700 millimetres, and at a temperature of 0® Centig., at 
Paris, in latitude 48® 50' 14", equal to 0,001299541 grammes. To compute 
from these data the weight of a cube centimetre of atmospheric air at Port 
Bowen at the temperature of 0® Centig., and the pressure of 760 millimetres, 
wc must multiply the number 0,001299541 by the ratio of the intensity of grar- 
vity at Paris and at Port Bowen. 

Let the intensity of gravity at Port Bowen be g, the latitude I = 73® 13' 39" ; 

* Laplace, Annales dc Ciiimic et dc Physique T. III. p. 298. Poisson sur la vitesse du son, 
Annalcs do Chiniie cl de Physique Mai 1823, p. 5. 

f 1 found aftomards that it had been better to have adopted Captain Rater's comparison of the 
metre with English inches, as given in the Phil. Trans, for 1818, p. 103. 
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at Paris the latitude I = 48° 50* 1 4" ; and in latitude 45° (g) ^ being equal 
to 9,8088 metres : We have tlioii 

g = (g) (1 —0,002837 cos 2 0 ; and g' = (g) (1-0,002837 cos 2 /') : 

1-0>002837cos2^ _ 1,002364503 

1-0,002837 cos 2/' 1,000378864’ 


f f 1»002.364503 1 
and ^ ^ I 1,000378864 J 


8088 


1,0 02364503 "I 
1,000378864 J ' 


Thus tile weight of a cube centimetre of dry air, at a pressure of /(iO milli- 
metres, and at the temperature 0° Centig., is at Port Bowen 


0%001299541 X 1,002364503 
1,000378864 


= 0,0013021206 grammes; 


and the density of the air at Port Bowen, under a pressure of /GO millimetres, 
and in tempemture 0°, 0, is 

0,00 13021 206 __ I 
13,596152 ““ 104417545 ’ 

Consequently at an atmospheric pressure jj, and temperature /, the density of 
air, at Port Bowen, is 

^ ~ 10441,545 X 0,760 ( 1 + 0,003757) ’ tlS / = —27 ,62, 


D = ^ . 

10441,545 X 0,760 (1 -0,00375 X 27,62) 

According to the experiments of Messrs. Gay-Lussac and Wklter, the ratio 
between the specific heat of air, under a constant pressure, and that under a 

c' 

constant volume, y = 1,3748. 

Substituting the above values in the formula 

V = v/¥xx/? we have 

V = ^9,SS8S7 X 10441,55 x 0,760 xO,8964S5 X y/ 1,3748 

= 310,0305696 metr. = 1017,72 English feet, 
o 2 
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The general result of Captain Parry’s and Lieut. Foster’s experiments gives 

for the velocity of sound 315,426 mctr. = 1035,19 feet. 

The theoretical calculation gives 310,031 mctr. = 1017,72 feet. 


Difference between calculation and ex- 
periment 


} 


5,395 mctr. = 


17,47 feet. 


Now, if we take the mean of the experiments made at Port Bowen the l/th 
and 21st February 1825, when the weather was calm, we have the velocity by 
experiment, 1024,765 feet = 312,249446 metr., at a barometric pressure of 
0,75328 mctr., and a temperature of —27°, 75 Fahr., or —33®, 2 Centig. 

Thus we have D = — ; ■ ; which being substituted in 

0,760 X 0,8755 X 101-41,55 ® 

the foregoing expression, we have the velocity of sound, 

V = .9, 82827 X 10441,55 X 0,8755 X 0,76 X ^ 1,3748 = 306,390/2 metr. 

llic velocity by experiment = 312,249446 metr. 



Again, comparing the experiments of the 22nd March and 3d June with 
theoiy, we may hope to have some compensation for the effect of wind. On 
the 22nd March the wind was westerly, and on the 3d June easterly. Both 
experiments were made at a temperature comparatively high. Tlie velocity of 
sound was, by the mean of the experiments of these two days, 1062,48 English 
feet, or 323,741284 metr. The barometric pressure was 30,188 inches, or 
0,76653 metr. The temperature was +6° Fahr., or — 14®,4 Centig. 
Calculating with these data, we have the velocity of sound, on the 22nd March 

and 3d June, by theoiy 318,488009 metr. 

By the experiments 323,741284 metr. 

Difference by the experiments of 3d June and 1 
22nd March / 

Difference by the experiments of 17th and 22nd 1 
Februaiy / 

Difference by all the experiments but the last . . . 


5,253275 mctr. 

5,858726 metr. 

5,395 metr. or 17,47 feet. 
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In the experiments which I made with Dr. Van Beek^ and which are re- 
corded in the Phil. Trans, for 1824, we had the following differences between 
calculation and experiment. 

By the experiments of 27th June, 1823, difference 4,92 metr. = 16,147 feet. 

By the experiments of 28th June, 1823, difference 4,24 metr. =: 13,916 feet. 

The final inference to be drawn appears, that in tliose high latitudes, the un- 
certainty of the data on which the calculations arc founded, is somewhat greatei* 
than at higher temperatures. Laplace himself says of these differences, “ qu - 
dies paraissent ftre dans les limites des petites erreurs dont cette expC‘rience, 
et les demons de calcul, dont j’ai fait usage, sont encore susceptibles." 


Perhaps it might occur to some, that Captain Parry and Lieut. Poster 
ought to have observed the hygrometer; but I think the objection unfounded. 
I believe it may be shown, that even supposing the air saturated witli aqueous 
vapour, it could, at those low temperatures, have no- influence on the velocity 
of sound. 

Let the tension of aqueous vapour in the atmosphere be T. According to 
M. Gay-Lussac’s experiments, the density of aqueous vapour is j? of the 
density of dry air. 11ms we have 

^ ^ j T 

® “ 104U,55 xd,76 (1 + 0^003751) 

which being substituted in the theoretical formula, it becomes 


. / g . p . 10441,55 X 0,76 (1 +0,00375 Q /7' 

^ “ V p-l T ^ V 7 

We calculated Captain Parry’s and Lieut. Foster’s experiments by the 

formula ^ 

V SB ^ 10441,55 . g . 0,76 (I +-0,00375 O" X j 


thus we have 

Now supposing the degrees of the centesimal thermometer under 100° or the 
boiling point to be N, and Tn the tension of aqueous viqwur at tliat tempera- 
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ture^ in a space saturated with moisture ; we have, by a fonnula deduced by 
M. Biot from M. Dalton’s experiments* 

Log. Tn = 1.8819493 -0,01537271116 N -0,0000675241 N* +0,00000003377 N» 

Captain Parry’s experiments were made at the temperatures of — 27 ®, —33®, 
and — 14® Centig. Thus we must successively take N equal to 127 , 13*^ and 
114; and calculating on those several suppositions, we have the tension of 
aqueous vapour, at 

-27“ C 0,000816121 = T 

-33“ C 0,000542991 =s T 

-14“ C 0,002010982 = T' 

The general result of all Captain Parry’s experiments, at a temperature of 
—27° Centig. and barometric pressure of 0,76013 metr., was V= 3 10,0305696 
metres. 

we have T = 0,00081C21; J T=0,000306045375; p — ^ T = 0,759823954625 metr. 

and thus V' = 310,0304096 metr. X *= 310,0929624 metr. 

Thus, even supposing that the air in Captain Parry’s and Lieut. Foster’s 
experiments was as moist as ])ossil)le, the difference in the velocity of sound at 
such low temperatures could be only 0,0623921 metr., or about 2 inches 

Calculating on the same supposition, the experiments of the l/th and 21st 
Februaiy, and of the 22nd March and the 3d of June 1825 ; and supposing the 
air as moist as can be : wc have, for the 17th and 21st of February 1825, 

V' = 306,43213 metr. 

and tims the velocity altered by 0,04141 metr. or about I’fjj inch in 1". 

For the experiments of the 22nd March and the 3d June 1825, the difference 
is somewhat greater. For we have then 

V' = 318,64481 metr. 

and the velocity is altered by 0,156801 metr. or 6/0 inches. 


• Biot, Traite de Physique, T. 1. p. 277. 
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At all events, the effect produced by moisture, under the circumstances in 
which the experiments at Port Bowen were made, is so trifling, that it may 
safely be neglected altogether. 


I shall now proceed to compare the experiments of the northern navigators 
with those of Dr. Van Bkek and myself, and shall reduce for that purpose the 
Port Bowen experiments to what they would have been at the temperature 
ofO*C. or32®F. 

Taking V" :is the velocity of sound at 0“ C., and D the density of air at that 
temperature, we have 


Let V be the velocity at a temperature /, we have again 
V » X y/f 


wherefore 


V" s • 

V 1+0,00875/ 


The mean of Captmn Parry’s and Lieut. Foster’s experiments, excepting 
those of the 4th of June 1825, give 

V = 315,42597826 metr.; the temperature / = —27°, 62 Centig. 


Wliencc V" = 33.3,15 metr. 

In the same manner, calculating V" for the experiments 
of the 17th and 21st of February 1826, we have .... .333,71 
And for those of the 22nd of March and 3d of June . . . 332,85 


Dr. Van Bbek’s and my experiments give 332,05 

Messrs. Stampfkr and Von Myrbach in 1822 in Germany . 333,25 

Messrs. Arago, Mathieu and Biot, in France 331 ,05 

Mr. Benzenbero in Germany 333,70 

Messrs. Epinoza and Bauza in Chili 356,14 

Dr. Olinthus Gregory in England 336,14 

The French Academicians in 1738 332,93 
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Thus the differences between Captain Parry's experiments and ours^ when 
both are reduced to the same temperature of 0® is l“‘l, and 0®*8. These 
differences will be deemed very small, if we consider, that between our own 
experiments the difference was 0,66 metr., and that between those of the 
members of the French Board of Longitude, there were still more con- 
siderable differences. 

These results on the whole appear very satis^tory ; and the near agree- 
ment of experiments, made under circumstances so widely different, must lead 
ns to suspect that whatever difference still remains between the results of 
computation and observation, must be ascribed, in a great measure, to some 
imperfection of the theoretical formula, and not to any fault or neglect of the 
observers. 

Another conclusion may be fairly drawn from the coincidence of the results 
(obtained by Captain Parry and his friend, with those of many other observers. 
I mean the great accuracy with which Captain Parry’s proceedings were con- 
ducted. Our own experiments were made under every favourable circumstance ; 
iTi the middle of summer, in a place where nothing was wanted which could 
give ease and comfort to the observers. Captain Parry and Lieut. Foster 
operated in a dreary climate, partly in a polar winter, far from every thing 
which could make their task easy, and above all at a temperature of which it 
is frightful to think. Besides this. Captain Parry had many other important 
matters at the time committed to his care. Our observations, and those of 
many other observers, were a party of pleasure ; theirs, a painful drudgery. 
And still with everything thus in our favour, provided with all the means 
which wc could think of, we could do no better than he did in the most inhos- 
pitable climate of the globe. It appears that Captain Parry’s experiments 
are as accurate as those of any other observer. This equality I should 
consider as a proof of superiority, considering the peculiar circumstances 
under which the experiments at Port Bowen were made. 
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VII. An accouni of a series of experiments made with a view to the comtructkn 
of an achromatic telescope with a fluid concave lens, instead of the usual lens of 
flint glass. In a letter addressed to Davies Gilbert^ Elsq. M.P. President of 
the Boyal Sociehf. Bp Peter Barlow, Esq. F.B.S. ^c. 

Read Janusry 17| 18£8. 


You are aware that I have been for some time engaged in a set of experi- 
ments directed to the construction of achromatic fluid telescopes, and that I 
have succeeded in constructing, by the aid of Messrs. Gilbert, two instruments 
of that description, the one of 3 inches aperture and the other of 6 inches. You 
are aware also that it was my intention to have laid these before the members 
of the Board of Longitude ; and if the construction had met with their appro* 
bation, I hoped they might have been disposed to liavc ordered a like instru* 
ment (but upon a scale much exceeding anything yet attempted), the construc- 
tion of which it would have given me great pleasure to have superintended. 

It is, however, doubtful whether 1 shall be able at present to pursue the 
experiments « ; and I wish therefore to place on record the progress I have made, 
the reshl!b 9 whiph have been obtained, and the ultimate object I had in view ; 
and I am in hopes, this cpmmunication may not be thought undeserving a place 
in the I%ilppQphiq«l( Transact^ns. 

ThePiP imtpethne^ ipf^.p^srhaeii'datp their, origin from an attempt on the 
pert ^ t|e .optipjifinR rG^efre^ .tOi to submit to actual practice the rules. 

pnnipifil^ Iwl .4pl^iihy JM^' J^naecHEL, in the FhiL Trans, for 1831, 
Art. XVII., for the cons|n!Wttpn of pplanatic object-glasses. These experiments 
led to other^which I have described in the Phil. Trans, for 18279 Art. XV . In 
followinm^ift the latter, I saw a strong practical instance of the great difficulty 
of ohm^flint glass of sufficient size and purity for astronomical telescopes; 
and^^led me to oonddm* the practicability of substituting a fluid for the 

* Sines ihhpiVsrwsi i^ nj letter ba* heoi piisei^ to the Bovd of Longiciide, and the 
expeiimenltilklhFip^^ . 

MDccex2^.r 
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flint lens. Dr. Blair mansr yeans back had projected the constmotion of dnid 
object-glasses, and is said to have sncceeded in making very pecibet telesoopes 
of that description. His view, however, in these coistractions was not the same 
as mine; because udth him it was still necessary ta retain the flint lens; his imly 
object being to destroy what has been named the secimdaiy spectrum, due to a 
want of proportionality between the coloured iqiaces of the spectnuns of -flint 
and plate, or crown glass, as compared with thchr respective refractive indices ; 
whereas my design was to dispense altogether with the flint-glass, by substitu- 
ting in its place a fluid medium of the requitite refractive and dispersive power.' 

A great number of fluids may be thus employed ; and the first business was 
to determine amongst the many, that which seemed best suited for the pur- 
pose. With this view I undertook the examination of the properties of various 
oils, acids, &c. and was ultimately led to try the sulphuret of carbon, wMch 
at once appeared to claim a preference, and to possess n^ly every requisite I 
could desire ; having a refractive index Rbout equal to timt of the best flint 
glass, with a dispersive power more than doubly perfectly colourless, beauti- 
fully transparent, and, although very expantible, possessing tiie same, or very 
nearly indeed the same, opticid properties*, whoa .hermetically sealed, under 
all temperatures to which it is likely to be exposed for astronomical purposes, 
—unless Indeed it should be found that direct observations on the solar disc 
in some extreme cases are inadmissible. Its high dispersive power also g^ves* 
it an advantage which no glass ever mode, or Hkely to be made, can possess; 
although the fixed nature of the latter materiel may probably alwhys g^ve it a 
preference in the constructiim of telescopes : and I wish clearly to be under- 
stood, not as proposing to supplant the, use of flint g^ilSi in these instrnmenti^ 
but simply to supply its,place by a valuable substitntn, in cases. where it (xmnot 
be obtmned sufficiently huge and pure;, orwbare Kean only be obtained at an 
expense which must always limit the possession of a' powwfid astrbhohgilia) 
teiesoope, to a small number of indindnals and tQipublic bodfes. . 

Having, as above stated, selected my fluid, mynoct otject was to determiiM 

‘ ,, S VlTM 

• It may be proper to that, lijBliflien tte temp ia Febypary^MdlN^'U 

ail4 agam at 81° in December or 

focal length of the telescope. The fluid haii even bm put in a state of ebullition ^ 

of red hot iron^ and in a very few minutes hhs bUMme trimitiluent, and dte'flMnit ^raiiaii^^ Wm 

eiacdy or eery nearly the same. , 



Acimolumo masconM mra n.uii» uBtniEs. 


lOT 


tlw best-means of confiniii; It^ wbidi after several trials ms aatis&ctorily 
aoeonqiliahed; and I noir atonce attempted a telescope oS 6 inches aperture 
and 7 fset in lengdit but after several nnsnccessfDl etqterimentSimrninj' from 
unforeseen difBonltles, I laid it Iqr, and undertook one of 3 indies aperture. 
1 ms here more fivtunate, having with this instrument in its rude expeir. 
mental frinn, uithont any adaptation mr sdeotion of glasses, sepwated a great 
number, irf^doable stars of that dass whidi (Sr W. Hirschbu has pointed 
out as testa of'agood 3§>ineh refractor. I can see vrith it die smaU star in 
Fdaris with a power of 43; and with the higher powers several stars uhich 
are said to require a good telescope ; as for caample, 70 p Ophiuchi, 39 Bootis, 
the quadruple star t Lyne, X Aquarii, « HerouUs, &c. Encouraged by my 
success on this instrument; I again attempted the 6-lnch object.gla8s, with a 
diftbrent manner of adjusting and securing the lenses t and the result of my 
endiavonrs I consider to be perfectly demonstrable of the practicability of the 
construction, alhrinulce bdng-made for the im^rfections of a f rst attempt, at 
a novd cbnstrhctioh,. On a considerable scale, and iHtlch professes only to 
prove the applicability of the prindple, and not the completion of the experi* 
mCnt. With this instrument the small star in Polaris is so distinct and brilliant 
wkb a power of 143, that its traadt might be taken with the utmost certainty. 
The small stkrs in • Lym, Alddiaran, iUgel; t BoOtis, &c. are veiy distinctly 
•exhibited ; amongst the larger dou double stars. Castor and y Leonis are 
well defined wi% a power of SibiD ; and amongst the smaller double stars I may 
mention • Aarigae, 69 Orionia, { Otion]s,'aad a variety of otiiers of the same 
dass. Hie bdte and double ring of Saturn are mil exlifoitedirith a power of 
160 ( •anddio bdlla.andffoitelUtea of Jupiter an very tolerably defined with the 
same' inot bear ahigUo' power tiuns'about 200, in his present 

sil iSilliiifahifh in noftahil j not fovottraMe: hi both cases the discs of the 
wfaiteiaiKb bdfoiand shadows wdl-maiked; butt in 
Jiqdteril and peilnph is bodvlfihefollianiM'underrectededlonr round theadge 
'^JO^lUalfowMw Is^ipddt-ajpda^a^ 
oftiwflonttru^orii... ' , 


tt^:or ^ree thdes 

Isv^if^^LleMdfo'^^e^^^Bi'Ha^'' Nor «sHld-SHty.diBnge ip^^^ 


rS 
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arrangement in either casef be introduced with adtantage^ beoadie th6 disfier^i^ 
ratio l^tween the glasses in the former instahce^ and between the glam and 
fluid in the latter^ is too close to admit of brfaigkfg the concave eOrrectingf 
medium far enough back to bc of any sensible advantage. The case^ however^ 
is very different with the sulphuret of carbon. The dispernve ratio here varies 
(according to the glass employed) between the limits 299 and 334 ; which cir- 
cumstance has enabled me to {dace the fluid correcting lens at a distance from 
the plate lens equal to half its focal length ; and I might carry it still for^hei* 
back, and yet pos^ suffident dispersive power tO‘ render the object-glasS 
achromatic. Moreover, by this means the fluid lens, which is the most difficult 
part of the construction^ is reduced to one-half, or to less than one-half, of the 
size of the plate lens ; consequently, to construct a telescope of ten or twelve 
inches aperture involves no greater difficulty in the manipulation, than iii 
making a telescope of the usual desenptibn of five or six inches aperture, except 
in the simple plate lens itself: and, what will be thought perhaps of greater 
importance, a telescope of this kiml of ten or twelve feet length wiU be equi- 
valent in its focal power to one of sixteen or twenty feet. We may therefore; 
by this means, shorten the tube several feet, and yet possess a focal power more 
considerable than could be conveniently given to it oh the usual prmdple of 
construction. This will be better understood from the annexed diagram. 



In this figure, A, B, C, D represent the tube of the fl-inch telescope, C, D 
the plate object-glass, F the first focus of rays,, df/e the fluid concave leoi; 
distant from the former 24 inches. Hie focal length M F being 48 inches, 
the diameter of the fluid lens is cons^uently as ^ tS : : 24 : 8 inches. The 
resulting compound focus is 62*5 inches : it is obvious, therefore, that^he rays 
df, e/arrive at the focus under the sme conveij^^ja^d vqth tiihiUMneliglt^ 
as if they proceeded from a lens of 6 fochm diameter placed at a distance be- 
yond the object glass C, D, (as C O') detenmpedi^*bgr pi^ipQipg Iblibilijni IQI 
they meet the sides of the tube produced in ^ Ir, vis. at 62*6 inches bqrond 
the fluid lens. Hence, it is obvious^ the ji^rs wBi conveige hs 
from an object-glass C' V of the usi^ j^ind witli^ ^a fc^ ^ 10 
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We have thw, thtovfote, eharteaed the tube 38‘5 inches, or have at least the 
advantege of a focus SS'S'inches longer than'our tube ; and the same principle 
nwQr be earned much fiirther, so as to reduce the usual length of refracting 
telescopes nearly one-third without increasing the aberration in the first 
beytmd die least that can posribly belong to a telescope of the usual kind of 
the whole length. It dtouhl. moreovo- be observed, that die adjustment for 
focus may be made either in the usual way, w by a slight movement of the 
fluid lemmas in the Gregorian reflector by means of the small speculum; int^ 
latter case the eya^piece is fixed, wMoh may probably be convenient for astro- 
nomkal purposes, in consequence of the great delicacy of the adjustment. 

Bendas the above advantages attending this principle of construction, I am 
willing to h<qie that another very important one (udiich I have not however 
beep able at present practically to demonstrate) may still be effected t namely, 
the reduetitm of what has been tnrmed the secondary spectrum, either to aero 
or to a- very inconsiderable amount. In order to examine the practicability of 
this object, let us first consider the two lenses fai contifot, and inquire into the 
con di rjn n« requidte for uniting the violet, the red, and the mean ray, which 
latter may be accounted that on tbe cOnfine of the violet and red sides of the 
spectrum. Let the fiwal length of the mean ray in the (date leris be/, and the 
length.of the focus beymid/, via. the red side of the spectrum, be r, its whole 
focus being / -|- r ; let /', r' and of course f + t^ denote the same in the 
correcting fluid lens s tiien, in order that the red ray may coincide with the 
mean ray, we must have 
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focus ^Wdedlqr.the i^ole focal lcBgfo.cf.Aeumd., 1 ^^^ 
pourenforthisBideafthespectFittn, ine^lens.' 

In the same way; if m dmote by v and t/ tlus Vaig th of the part of 

each focus ; then to have the violet and the mean ray coincide, we must have 
lit 1 • . , 

and as before, we shall find that iliis can only take place when 
Hencey in order to unite these three colours^ the o^ditions must be that 

/T7=7^p - . 

But as/,randt;, uionecase^and/VcuQdt/Jntheother, are dependent and 
proportional in each respectiye focus, if these proportions do not arise from) the 
natural properties of the two media, they cannot be produced by art, while the 
lenses are in contact; but in anycasewhece the violet. fide of the correcting or 
concave lens exceeds that of the.^ ip, a grate^ pi^portiop thfip jthajidolet eff 
ceeds the red in the convex lens, and if the dispersiye^^tiit^ b^ .sp great; as to ad- 
mit of the lenses being sufficiently opened firoQi each otjher, then such a distance 
may be found as shall produce the above proportion ; and hence unite these 


three rays in one commo^ focus^ or<$M; least approfipiaUj toward^ this results, 
Let the distance of the lenses be d^^ and let the plate focus, remain as, before 
/, then the negative focus must be reduced tUI * ;s: dispjention*. . t ; 


Conceive this length to be found, which may still be denoted by fy and 
r' and 1 / may also denote the same as before, the ratio y i ^y to j ,- - y will 
likewise still remain the same. * ^ ' 


But the coloured focuii of the plate Ihnet remaiiffii^tliieiiame Us b^ie^; 
the mean focus is change from/to/— d; Wef tt^ i^ow, k 
the three rays, have ^ ' 


/-4+r : 7-rf-v y ^ ^ 


Ute two latter terms remaming ia Ike siuae nlSo^'Vbifo thaitwo finnalr auqribe 
varied at pleasure by.dipnglDf .(lm.tqdw^4^wfaidltwilL-ilam^ 
the ratio of the latter tenus, altlmngfa)4ha>acltfBi<vatoiof>yi!V^ 
nooessarily vaiy for every change ;iajt]K.yBlaaiQ^.^» ‘ ' 
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>*i«t titeooli8taat'nitio-of1be latCw tainabei»:Mt timi we hove to find 4, 
sochthat, ' 


which reduced, gives d s ? . r/± . 




If now of" be taken to dehote the refractive indices of the red, green, 
and violet ray in the front lens, we sha}! find /, r and v, to be to each other as 
1, and^ » ^d substituting these proportional values for the aboVe 
letters, our expression becomes 
• d = /a" {* 

In Uko manner, if a/, be taken to denote the refractive indices of the 
red, and violet ray in the correcting lens, then we shall find 

jip 

Which latter may therefore be substituted for m and tt. 

The formula then becomes 

an exprestibn for tiie'diManCe in tenns'bf the indices and focus only* 

In plate ^Ia&, accordii^'tb FjutmnoFBk, </ = *fiI6, a* = *536, and a* es *636. 
Which valhes bdn^ substituted, give 



In flint glass, from the same authority, tl as *602, t? as *630, J* sa, *840. 

mdMtitntpfif tS, An impracticable distance 

in thls.fR8e,;he«iatu%ti^ dijlipet^ye po«i^.of |fin| glass is not gr^. enough to 
correct tile plate lens wl^ so far remold 
If thefie indices bad been *603,^ *031, .rad *640, tium wy should find d ss o, or 
the kraas^on^^ tiwn to l^'in''Confiafitr’' A diai^ therefine of *001 in the 
indra^^tjsstgtM rawMiii^^ frontnothfaif to nearly 

threndbiMtjhi^ 'eohaeqiM^* tiw determlantion 

ofthB.jedpr \iiefi;etetKldrai^^ nadfin are sueb 

as to adoti^ ^ qljaijl^jabera^ of tha indieao 

of the red, i|imB, andyhdet |W determined, end the di- 
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spersiTe power of the medium being great enough, the most complete union 
may be effected. 

Whether the sulphuret of carbon fidl within this limit or not, I am not at 
present able to say. I have attempted to find the indices of the diffff^nt 
colours by means of a prism ; but it is extremely difficult to determine the liniits 
of the diflbrent shades, and peihaps after all the best way is by actual experi- 
ment on the telescope itself. Fearflil in' the begimiing 'of advancing too Ihr in 
opening the lenses, die first experiment was made with* the Add at a ^ery 
inconsiderable distance bdiind the .plate, and the 'Quantity '.of uncorreOted 
colour was very great. I next tried a distance of 18 inches, and the uncor- 
rected colour was considerably less than before, but still too great, l^th this 
distance the experiment was witnessed by Captain Katbr. I next opened the 
lenses 24 inches, and at this distance the experiment was witneued by Professor 
Airy, who still detected some uncorrected colour, which, however, is not sen- 
sible to my eye till the telescope is applied with a high pdwer to Jupiter, Venus, 
or some bright star; neither uw this defect felt in any senrible degree by 
Mr. South or Captain Beaufoot, who were also present. 

From the gradual (Uminution of the outstanding purple by openii^ the lenses 
from contact to 24 inches, I suspect with a ^twee of 82 Inches, (which is 
perhaps the most I can venture upon vHth a focus of 48 inches for my plate,) 
that the red would be outstanding, and if so the proper point, must be between 
these limits. 

This, however, remains to be verified by experiment ; Aonld it be effectet^ 
we may enumerate the advantages of this tdescope as foOpw : 

1. It renders us independent of, flipt glass* . ./r 

2. It enables us to bmrease.tbe fperture ofjfae^tdescope.'to.a V!^.e(uul> 

derable extent. • . .. : 

3. It gives ns all theligfajb, field, an4 focalipowei? of. a telescope of one and 

a half rimes at^east, prtdRdily oS twice, fbe hmgth ofiriie tnbei. 

4. It is presumed that fimther expadments.lBa 3 IAiDal>la'as tQ.fiad.saiffi.a 

distance for the lensesas riiidl. rednoejfbidlihas.hfwn. terimdi.lto^^ 
condary spectrum, (insqiaialdeifiwpt.tha.uaaal.^cwqi^^ 
zero or to an inconsiderable amoafit...! 
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Vlll. A catalogue of nebulae and clusters of stars in the southern hemisphere^ 
observed at Paranuxtta in New South fPaks, bp James Dunlop,* In a 
letter addressed to Sir Thomas Makdouoall Brisbane, Bart K.C.B* late 
Oovemor of New South fFales. Presented to the Royal Society by John 
Frederick William Herschel, Esq. Vice President 


Read December 20, 1827. 


The following nebulae and clusters of stars in the southern hemisphere were 
observed by me at my house in Fhramatta, situated about 6" of a degree south 
and about I'.ys of time east of the Brisbane Observatory. The observations 
were made in the open air, udth an excellent 9-feet reflecting telescope, the 
clear aperture of the large mirror being nine inches. This telescope was occa- 
sionally fitted up as a merichan telescope, with a strong iron axis firmly 
attached to the lower side of the tube nearly opposite the cell of the large 
mirror, and the mids of the axis rested in brass Ya, wliich were screwed to 
blocks of wood let into the ground about 18 inches, and projecting about 4 
inches above the ground ; one end of the axis carried a brass semicircle divided 
into half degrees and read off by a vernier to ndnutes. The position and index 
error of the instrument were ascertained by the passage of known stars. The 
eye end of the tdescope was raised or lowered by a cord over a pulley attached 
to a strong wooden post let ihto the ground about two feet : with this apparatus 
I have observed a sweep of right or ten dq^rees in breadth with very little 
deviation-of the fautrummit fiNnn'fffe pUme of the meridian, and the tremor 
was very little even'wlth a’oonridelrUbfe'magoUyinfl power, I made drawings 
or reptesentathUis uf’a greBt aumber'ef'riie nebtflK and' clusters at the time of 
observation, sevUndliof'Viridifll nre-uimejfed to ^ papbr ; aiid'also very correct 
drawings aiidlmiU^,*l^^ rqtrtsentation of 

the milky nrinilority surropudingtheuthr iif^lRlibnr CatoU; : TEfe of the 
Mocccxxvin. « 
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small stars in the Nebulae major and minor^ and also those accompan^g the 
^ n Robur Caroli^ I ascertained by the mural circle in the year 1825 ^ at which* 
time I was preparing to commence a general survey of the southern hemi- 
sphere. These stars being laid down upon the charts enabled me to delineate 
the nebulosity very accurately. ^ 

The nebulae are arranged in the order of their soufh polar distances to the 
nearest minute for 18279 and in 2ones for each degree in the order of their 
right ascension. The column on the right hand shows the number of times the 
object has been observed. 

The reductions and arrangement have been principally made since my return 
to Europe; and I trust this catalogue of the nebulae will be found an acceptable 
addition to that knowledge which the Brisbane observatory has been the means 
of putting the world in possession of^ respecting that important and hitherto 
but little known portion of the heavens. 


No. 


M 




m 

• 

1 

4 

13 

0 

2 

0 

33 

6 

3 

0 

41 

8 

4 

0 

4S 

19 

5 

0 

47 

12 

6 

0 

47 

39 

7 

1 

9 

32 

8 

1 

10 

23 

9 

1 

12 

87 

10 

1 

13 

43 



Description of the Nebulae and Stars. 

A very small faint round nebula, about IS'' diameter, with a very minute 
star south following dist. 1' 

A faint nebula, about 1)' long, irrcffular figure, rather branched. This 
is involved in die margin of the nebula minor; 

A small round nebula, about IS" diameter 

A faint round nebi^ about SO" diameter 

A small faint nebula, about 10" or IS" diameter 

A faint nebula, about SO" diameter 

A faint roUkid nebula, 35" diameter, with a small star near the south 
margin, but not involved 

A small oval nebula, about 10" diameter, 

A faint nebula, about diameter, of fa Irregular round figure 

An elHj^tical nebula^ about 1' long 'and 4 ^^ broad, with three minute 
stars in it*. .i. 


N<M>f 

Obs. 

1 

1 

1 

1 

1 

1 

1 

1 

S 


1 
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No. M 

h ra s 

3G 1 0 43 
37 1 2 30 


39 1 3 30 


40 1 4 10 


42 1 3 0 

43 1 5 19 

44 1 G 22 


40 1 20 0 
47 1 25 11 


48 1 26 28 

49 2 28 25 


9tr«iA. Description of the Nebuloe and Stars. 

\6 18 A faint ill-defined nebula, about 1^' diameter 

10 57 A small fiunt nebula, about 20" diameter, round 

16 5 A very small oval nebula, a little brighter in the centre ; a star of the 
8th magnitude south 

16 1^ A rather faint nebula, about 2' long, extended in the direction of the 
meridian, easily resolvable 

16 31 A small round nebula, with a star in the north side 

16 20 A small faint nebula; many small nebuls in this place 

16 35 A round well-defined nebula, about 30" diameter 

10 45 A small round nebula, 8" diameter, bright at the centre 

16 22 A faint nebula, about 40" diameter, round figure 

16 20 A small faint nebula 

16 35 A very small faint round nebula 

10 23 A very small round nebula, about 8" diameter, with a bright point in 
the centre. , 

10 9 A faint ill-defined small nebula 

16 1 A small faint nebula, about 12" diameter, with a bright point in the 


50 0 49 30 

51 0 50 37 

52 0 51 0 


53 0 54 30 

54 0 57 46 


57 10 0 

58 1 7 49 

59 1 8 30 

00 1 12 32 

01 17 0 9 

02 0 57 32 


17 5 A small faint round nebula , 
1 17 8 A small round nebula , • . • • 


17 0 A small faint ill-defined nebula. This is the following of a line of 
small nebulae • • 


17 12 A small faint nebula 

17 25 A small roimd pretty well-defined nebula, 15" or 20" diameter. 

1 7 29 A small faint ill-dcfincd nebula 

17 2 A small faint nebula 

17 7 A small faint nebula, about 15" diameter 

17 9 An extremely faint ill-defincd nebula • • • • 

17 39 A very small faint nebula, about 10" diameter 


17 32 A round wcU-dcflncd nebula, gradually brighter to the centre, about 
25" diameter 

17 3 A rather large faint nebula, of an irregular figure, easily resolvable 

into very small stars, rich 

18 15 A beautiful bright round nebula, about diameter, exceedingly con- 

densed. This is a good representation of the 2nd of the Connaissance 
des Terns in figure, cobur, and distance ; it is but a very little 
easier resolved, rather a brighter white, and perhaps more compact 
I and globular. This is a beautiful globe of white light ; resolvable : 

the stars are very little scattered.— Figure 8. 
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Description of the Nebula: and Stars. 

A small round faint nebulBi about 12" diameter 


A very amall faint nebula, about 10" diameter, with a minute briglit 
point in the centre 1 

An extremely faint nebula, pbout 15" diameter 1 

An extremely faint round nebula, 50" or 40" diameter 1 


4 59 25 


A star of the Gth magnitude, with a beautiful well-defined milky ray 
proceeding from it south following ; the ray is conical, and the star 
appears in the point of the cone, and the broad or south foUow’ing 
extremity is circular, or rounded off. The ray is about 7' in length, 
and nearly 2' in breadth at the broadest part, near the southern ex- 
tremity. With die sweeping power this appears like a star widi a 
very faint milky ray soudi following, die ray gradually spreading in 
breadth from the star, and rounded off at the broader end. Ilut 
with a higher power it is not a star with a ray, but a very faint 
nebula, and the star is not involved or connected with it : I should 
coll it a very faint nebula of a long oval shape, the smaller end 
towards the star ; this is easily resolvable into extremely minute 
points or stars, but 1 cannot discover the slightest indications of 
attraction or condensation towards any part of it 1 certainly liad 
not the least suspicion of this object bciftg resolvable when 1 dis- 
covered it with tile sweeping power, nor even when I examined it a 
second time; it is a beautiful object, of a uniform faint light. 
Figure 2 * 

pretty large rather faint round nebula, about 3i' or 4' diameter, a 
litdc brighter in the middle. There is a very small nebula on the 
north preceding side joining the margin of the large nebula 5 

8 12 (45 Pavonis, Bode’s Catalogue.) 1 cannot find the nebula answering to 

this place : perhaps there may be a mistake in the right ascension. . 

9 57 A small flint nebula, about 25" long, with a minute star in the southern 

extremity; a double nebula follows 2 

9 55 A double nebula, about 55" diameter ; there arc two small stars in the 

preceding of the two . 2 

9 44 A faint nebula, about 20" diameter 2 

9 49 A pretty bright round nebula, bright at the centre 5 

9 55 A small faint nebula 1 

9 51 A small round weU-defined nebula 1 

A pretty b^t mudl round nebula * 

A small nebula, with a small star in the south side of it 2 

A f f rm H faint nebula, about 15" diameter, with a minute star slightly 
involved in the south side 1 

A ii^aU fitintnitbula, about 12 " diameter 2 

arnaU rottDd nebula, about 10" or 12" dtameter, well defined 2 
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No. 

XL 

S.P.D. 


h m s 

0 / 

141 

5 37 41 

20 0 

142 

5 39 30 

20 45 


fi 40 SO 

5 40 55 I 

6 41 12 
5 41 53 
5 42 25 
n 42 25 
5 43 0 
5 43 8 
5 43 50 

5 44 10 
5 44 28 
5 46 20 

5 48 50 
5 50 10 

5 50 46 
5 51 20 
5 52 54 
5 58 12 

5 58 33 
12 47 40 
12 49 0 


S.P.D. Description of the Nebulie and Stars. 

0 / 

20 0 A faint extended nebula, about 4' long, very &int towards the extre- 
mities, brightest and broadest in the middle. Tliis is in the south 
following side of a faint cluster of very minute stars 1 

20 45 (30 Doradus, Bode) is a pretty large ill-defined nebula, of an irregular 
branched: figure, with a pretty bright small star in the south side of 
the centre, which gives it die appearance of a nucleus. This is re- 
solvable into very minute star8.-*Figure 4. is a very good repre- 
sentation of the nebula resolved. (N.B. The 30 DoradOs is sur- 
rounded by a number of nebulee of considerable magnitudes, nine or 
ten in number, with the 30 DoradOs in the centre. Figure 5.) . . . . 8 

20 57 A pretty^ large faint ill-defined nebula, elongated in the direction of the 

meridian 1 

20 51 A very small round nebula, bright in the centre 1 

20 13 This is the centre of a large cluster of extremely minute stars, with 

many very small nebulae in it 1 

20 25 A small faint nebula 1 

20 41 A pretty bright round or rather oval nebula, 30'^ diameter 1 

20 53 A small faint nebula, 25'' diameter 1 

20 1 1 A faint roiuid nebula, about 1' diameter 1 

20 6 A well-defined round nebula, small. This precedes a group of nebulas 2 

20 45 A faint ill-defined small nebida 1 

20 1 A cluster of six or seven small nebulas, forming a square figure 5' or 6' 

diameter, with several minute stars mixt. This is a very pretty 
group of nebuhe. — Figure 5 * . . 3 

20 50 A faint small round nebula, 15" diameter * 1 

20 42 A pretty bright round or rather elliptical nebula, 25" diameter 1 

20 5 A very faint elliptical nebula, about 50" diameter, slightly bright to the 


20 4 A very faint ill-defined nebula, 15" or 20" diameter 1 

20 54 A small round nebul^ 8" or 10" diameter. Tbil is the preceding of 

three nebulas forming a triangle 1 

20 51 A small round well-defined nebula. 1 

20 55 A small round faint nebula 1 

20 26 A small round pretty wdl-dcfined nebula 2 

20 42 A small faint nebula, 15" diameter; a small star near the north pre- 
ceding edge i 1 

20 37 A very faint small nebula f 1 

20 15 A very small round or rather elliptical nebula, 12" diameter 2 

20 6 (12 Muscas, Bode.) This ia a pretty bright round qebula, about 4' dia- 
meter, moderately coiidens^d to the centre. This, with the sweeping 
power, has the appearance of a globe of nebulous matter with very 
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Description of the Nebulae and Stars. 

amall stars in the north fullovting margin. But with ti power suffi- 
cient to resolve it, the globular appearance vanishes in a very coii- 
' sidcrable degree ; and the brightest and most condenst'd part is to 
the preceding side of the centre, with the stars considerably scatten^d 
on the north following side. Resolvable into stars of nu'xt small 
magnitudes. A small nebula precedes this 

An exceedingly faint Ul-denued nebula, with several exceedingly mi- 
nute stars in it 

A well-defined small eUiptical nebula, 12 ^' long and 8" broad 

A pretty bright round well-defined nebula, 15 ^' diameter 

A pretty large faint nebula, irregular figure, and irregularly bright in 
imrts • . . 

A pretty bright pretty large nebula, of an irregular round figure, 5' 
diameter ; a little brighter in the middle 

A pretty large faint nebula, irrpgular figure 

A very faint round nebula, 25 " diameter 

A pretty bright round nebula, 40'' diameter. This is preceding and 
brightest of tlircc nebulm in a line 


5 45 97 


7 A small faint nebula, 12" diameter 

41 A very faint ill-defined nebula, witli two small stars in it 

50 A pretty large rather fiiint nebula, about 5' diameter, irregular figure, 
partly resolvable into stars of mixt magnitudes. The nebulous mat- 
ter has several seats of attraction, or rather it is a cluster of small 
ncbulic with strong nebulosity common to all 

45 A small faint nebula 

1 A small round nebula, 8" or 10" diameter 

10 A small faint nebula, with a ray proceeding firom it, about O' or 7' long ; 
a small star is involved in ffie preceding extremity of the ray 

47 A small fiiint nebula, about 8" diameter 

48 Three very small nebulae, forming an obtuse triangle 

4 A small faint nebula, lO" or 12" diameter 

46 A group of very inMai stars of mixt magnitudes, with several small 

5 |A faint ill-defined nebtdai 20" diameter 

A very small round nebula, about 8" diameter 

A smiU Cdnt found nebula, meeeding aminuto ^ble star of the mh 
it tidf r .Another amsU nebula follows, about 20" m M, 


umA ftSot nebaUi 
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h ni ft 

5 35 3 


It 43 0 


13 8 0 


13 20 11 


14 35 - 


22 2G 14 


15 3 8 


15 7 17 


0.1. u, Descnption of the Nebulae and Stars. obi 

23 40 A faint round nebula, 25^' or 30'' diameter 1 

23 0 A large cluster of small stars of mixt magnitudes in strong nebula ; 

irregular extended figure .*.... 1 

23 39 A very faint nebula, 1' diameter; round figure 1 

23 34 A very small round well-defined nebula, 10' diameter 1 

23 50 A very faint nebula extended north preceding and south following, 

about 3' in length, with a minute line of five extremely small stars 
involved in tlie nebula, and two minute stars near the north ex- 
tremity, but not involved 2 

24 54 A very small faint nebula, 10" diameter, about 14' south of a pretty 

bright small star 1 

24 5 1 A pretty well-defined round faint nebula, 25" diameter ; a little brigliter 

at the centre * 2 

24 25 A pretty bright round nebula, 40" diameter 1 

24 19 A pretty bright round well-d^ed nebula, about 30" diameter, gra- 
dually bri^t to the centre 3 

24 34 A very small faint ill-defined nebula 1 

24 20 A very faint small round nebula, about 10" diameter, with a bright 

point exactly in the centre. Magnifying power 170... 2 

24 24 An extremely faint small nebula, about 15" diameter, pretty well de- 
fined. A very small star is north preceding, and a very minute 
south preceding ; both very near the nebula, but not involved in it * 2 

24 44 A very faint nebula, about 25" diameter. It is very near a star of the 
8th magnitude, and near the north following extremity of a crescent 
of very small stars 2 

24 10 (3 Circini, Bode) is a line of stars of the 8-9th magnitudes, oblique 
to the equator, about 1° in length joining a circular line of smaU stars 
at the north extremity, with a bright star of the 7th magnitude in the 
south following extremity. — Figure 8 3 

24 57 A very small nebula, lO" diameter, with a very minute star in the pre- 
ceding side of it 1 

24 1 A small faint elliptical nebula in the parallel of the equator, about 25" 

long, and 12" or 15" broad 1 

25 39 A small rowid nebula bright at the centre, lO" diameter 1 

25 13 A very small and very faint nebula, about 8" or lO" diameter; very 

feeble at the margin 1 

25 46 A cluster of extremely small stars, resembling a fhint nebula, about 6' 

diameter ; round figure 1 

25 5 A small faint round nebula, 25" or diameter, sensibly brighter in the 

mid^e. A star of the 9th magmtude, 4' or S' south. 1 

25 46 An extremely fiunt ill-defined nelmla, Ij' dr 2' ^metier, irregular 

round figure, a very little brighter towards the tasiddle . . .,»j. •>« « p 2 
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261 18 49 25 26 35 A very minute double nebula, the distance between them about 15" of 

a degree; the largest or following of the two it not more than 10" 

4 diameter ; each of them hat a tmall bright point or nucleus 2 

262 18 51 30 25 58 A pretty large very faint nebula, about 5’ or C' diameter, slightly bright 

towards die centre ; a minute star is north of the nebula, luid two 
stars of the 7th magnitude preceding 8 

263 21 19 0 26 23 A small faint round nebula, 20" diameter, a little brighter in the middle, 

following a group of pretty bright stars 1 

264 4 15 13 26 SO A faint round nebula, about 40" diameter, slightly bright to the centre ; 

this is north preceding 9 Rhomboidis 2 

265 9 5 48 26 1 A very bright round nebula, about 8' or 4' diameter, very gradually 

bright to the centre. This has a fine globular appearance 1 

266 11 40 9 26 8 A very small ncbuhi, very bright immediately at the centre ; the bright 

point is nearly equal in briphtness to one of the minute stars north 
of the nebula. 1 do not think the bright point is a star, but a very 
highly condensed nucleus, surrounded by a faint chevelure, not more 
tlian 10" diameter. Another very minute nebula precedes this ... 2 

267 1 1 39 35 26 1 1 An extremely small round nebula, not moro than 5" diameter, equally 

and uniformly bright, with a small well-^fined planetary disc, with 
no bright point or condensation to the centre. This is not a small 
star ; the appearance is very different from any of the small stars 
near it, and it is also very unlike the general appearance of small 
nebuke : both of these objects are very singular 2 

268 15 86 8 26 7 A very faint nebula, about 1' diameter, with a very minute star pre- 

cedmg, and another following; both are involved 1 

269 16 43 0 26 39 A small round faint nebula, about 15" diameter, with a minute star 

near tile south side, and four small stars following. The nebula is 
in the point of a cone formed by the four small stars and itself .... 2 

270 23 41 16 26 5*0 A faint ray of nebula, about 25" or 30" long, with a small star in the 

centre of it.-rFigure 9 1 

271 11 11 36 27 28 A rather b^lit nebulOf about 2^. or 3' long and 1' brood, in the form 

of a crescent, the convex side preceding ; no condensation of the ne» 

' bulous matter towards any point. This is easily resolvable into many 
star* of some considerable magnitude, arranged in pretty regular 
lines, with the nebula remaining, which is also resolvable into ex* 
tremely minute stars. This is probably two clusters in the same 
'lioe.*^Figure 10 7 

272 12 31 27 55 A group of live stars of the 8th or 9th magnitude, with a great number 

' of extoemely small stars rescmblii^ faint nebulie, 3' or 4' diameter • 1 ^ 

273 13 34 48 .27 57 (201 Centaurii Bode.). Thb is a carved line Of small stars, about 

loi^, with a star of the 7th magnitude jn the north extremity ; a 
I ■ ' > • ' < > estkauiely miM'te stinr 0|A the preceding side of the cres* 

^ * eeM, iuBd*n'dlUititliaeof minme stars extended preceding and < 

I 

>74114 18 Ai'wfaliiWMUgiyOBitt tiWif MneiwmdBrtwJhj diottt 8" diwiieter, north 
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rather following a star of the leth magnitude, with a smaller atar on 
the other aide 1 

O / 

27 13 A very small round well-defined nebula, about 13" diameter, with a 

bright poinfr in the centre 1 

27 50 A very small nebula, with a very minute star involved in the north 
side of it : the star is not central ; another small star is distant about 
4' from the nebula i 

27 31 A faint extended nebula, about 4' long and 2' broad, witli a group of 

seven or eight extremely small stars in it 1 

27 18 A pretty well-defined small nebula, extended in the parallel of the 
emiator, rather a little south preceding, and north following, about 
It »”d 25" broad, with a star of the 11th or 12th magnitude 
in the centre. The nebula is nearly equally bright, and the star is 
in the centre. — ^l^'igure 12 2 

27 35 \ pretty large faint nebula, round figure, about 3' diameter ; very faint 

at the margin. 1 


27 24 An extremely faint ill-defined nebula, of an irregular figu: 
elongated following : there are two minute stars involved i; 
ceding side of it 


lire, rather 
in the pre- 


11 10 10 


28 20 A cluster of very small stars, u little elongated preceding and following, 
about 10' diameter ; the stars are congregated towards the centre, a 
pretty bright star south, and a double star soutli following this .... 4 

28 57 A group of ten or twelve stars about the 10th magnitude, with a mul- 
titude of very small stars, forming on irregular branched figure, 8' 
or i o' long and 0' broad 1 

28 69 A grou|) of small stars fonning a semipirclc, witli a line of minute 

stars joining the extremities 2 

28 4 A group of twelve or fourteen stars, round figure, 2'- diameter ...... l 

,28 '10 iV Vi'ry faint small round nebula, about 8" or 10" diameter; a little 

brighter in the centre 1 

28 29 An exceedingly faint very small round nebula, about 12" diameter, 
with a minute bright point in the centre. This is south of a star of 
the 7-8tb magnitude, and a nebula follows in tlie field i 

28 32 A faint elliptical nebula, about 25" diameter, not bright at the centre, 

and nearly uniform in its light 1 

28 28 A pretty bright small elliptical nebula, about 20" long ; the brightest 
part is near the south following extremity, ' This precedes a small 
star ' 1 

pretty large cluster of stars of mixt magnitudes, about Id' diameter* 

The greater number of the stars are of a pale white colour. Ttero, 
is a red star near the preceding side ; another of the same size and 
colour near the following jide ; another small red star niht the centre 
and a yellow star near the sooth followug extremity, all in tho 
cluster «■.* ....Li •' 3 
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Description of the Nebulae and Stars. 

I A very flint nebiila, round figure, about Ij' diameter, with two or three 
very small stars involved in it. There are many similar small stars 
scattered in.the field with a power of 1 70 ; the nebulosity is extremely 
faint. This precedes the 49 Centauri, Bode, which is a star of the 
4th or 5th magnitude, and not of the 6th as given in Boos's catalogue 2 

A cluster of small stars of mixt magnitudes, irregular figure, about 6' 
long and 4' broad 3 | 

A Pfetty cluster of extremely small stars, resembling a pretty large 
mint nebula, about 6' or 7' diameter : the compression is very grutlual 
to the centre ; a pretty bright star is in the following side of the 
cluster, round figure 4 

A very fiunt small nebula, about lo'' diameter, with a small star near 
the south margin, but not involved 1 

A very small round nebula, with a small star at Uic north edge, not 
involved 1 

A pretty large and very bright nebula, 5' or 6' diameter, irregular 
round figure, easily resolved into a cluster of small stars, exceedingly 
compressed at the centre. The bright part at the centre is occasioned 
by a group of stars of some considerable magnitude when compared 
witli diose of the nebula. I am inclinedlo think that tJus may be 
two clusters in the same line ; the bright part is a little south of the 
centre of the large nebula. a 

A faint ill-defined nebula, with a small bright point in the preceding 
side, which 1 suspect to be a star ; there are several similar small stars 
in tlie field * 1 

A beautiful cluster of stars, arranged in curvilinear lines intersecting 
each other, about 40' diameter, extended south preceding, and nortli 
following 1 

A very faint nebula, of an Oblong rectangular figure, extended in tlic 
direction of the meridian 1 

An extremely faint ray of nebula, about £' in len^h, with a very small 
i itar at the following extremity ; tliree pretty bright small stars distant 
abput 1', and a aur of the 7th magnitude aoutli preceding 1 

A trian^lar group of very small atars, about 3' long, resembling faint 
nebuTse. A star of the 9th magnitude near the north following ex- 
tremity 4 

Crucio, Bode) is five stars of the 7th magnitude, forming a triangular 
figure, and a star of t^ 9th magnitude between the second and third, 
rnth a multitude of veiy small stars bn the south side.— Figure 13. 
is a very correct representation 6 

; pNynall atars of mixt magnitudea, considerably congregated 

the centre, 4' or 5* diameter 2 

Udl flditt nebida, 10'^ or diameter, a little brighter in the 
/"A email aiar procodea tfata,and a star of the 7th magnitude 

lbUoirii^'..v.'....r. 1 
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304 15 40 — 


305 17 29 SO 


306 4 9 8 


307 4 49 12 

308 10 15 48 


309 10 S8 — 


Description of the Nebulae and Stars. 

I (A Circiiii, Bode) LacaiBe doscribea this as three small stars in a 
line with nebula. No partibular fiebula exists in this place. A 
group of about twentv stars of mixt magnitudes, fonning an irregnW 
figure, about 5’ or Oblong, answer to tbo place of the A. This is in 
the milky way ; and there is no nebula in the group of stars except ! 
what is common in the neighbourhood * • 5 | 

A very small round nebula, with a minute bright point near the fol* 
lowing side, llie bright pipt is not in the centre of the nebula, a 
pretty bright small star following distance of arc 1 

A small round pretty well defined nebula, 10" or 12" diametcj, slightly 
bright to the centre, a bright star in the field south following . . : . . 1 

An extremely faint roimd nebula, 30" or 40" diameter 1 

A very small round nebula, about diameter, bright at the centre, 
nearly in a line between two very small stars. A star of the 6-7th 
magnitude is south following. ; 1 

(tf Rohoris Caroli, Bode) is a bright star of the Srd magnitude, sur- 
rounded by a multitude of small stars, and pretty strong nebulosity ; 
very similar in its nature to that in Orion, but not so bright. 
Figure 14. is a very correct representation of it; tlie cirdc A B is 
about I’’ and 37' diameter, with toe star ii in tlie ceptre. I can count 
twelve or fourteen extremely minute stars surrounding i/ in the 
space of about 1' { several of them appear close to dbe disJi: : there is 


310 10 47 0 


311 12 50 30 


313 13 16 7 


313 14 16 14 


314 15 9 


portions of the nebulosity are cbmpictely detached, as represented in 
the figure. There is much nebulosity in this place, and very much 
extensive nebulosity througlmut the Robur Caroli, wliicli is also 
very rich in small 'stars 13 

A faint nebula, about 1}' or 2' diameter, with a small bright star 
near the preceding side; this is resolvable into exceedingly minute 
sbirs jg 

A very faint petty large nebula, abopt 6' or 8' diameter, round dgure, 
resolvable into very minute stars. Several sta^s of some consider- 
able magnitude appei^ scattered among pe minute stars of the 
nebula, but they are only the continuation of a branch of small stars 
whicli, run over the place where tho nebula is; the stars in the 
nebula arc very gradually, but, not mttfihj oompressed to tlic centre . 4 

A pretty large faint nebiija, about 5' diatn^r^ Irrognlar branched figure, 
resolvable, with considerable cqippepsion pjf the stars towards the 


central point. This precedes a. star of the, 7di magnitude, and a 
group of small stars'lblloW, about ib^'north of the nebula 2 

A very mimito group of small ' long, extended' in the 

parallel pf the cqudtor. j 1 

(16 Circini, Bode)describedia theCoamdisaftoe'des Toms as nebula, witli | 
two small stars in it ! There ors' three' stars of ’ the StlT magnitude 
very near each other, fonning a triangle, Answers to the place j 


.Hi / / /. i / 
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of 16 Circini; but there is no nebula accompanying them, neither 
is there any nebala accompanying any of the stars in tJiis place. . . . 

315 15 21 SO Si 55 A small rather faint nebula, 20" or 25" diameter, at the preceding ex- 

tremity of a line of four or five very small stars 

316 10 29 C 31 45 A very faint ray fit nebula, about Ij* long, and 15" or 20" broad, ex- 

tended north preceding and south following, with rather a conden- 
sation of the nebulous matter near the soudi following extremity. 
There is a minute star near tlie north preceding extremity, but I do 
not tJiink it is uivolved in the ray 

317 17 43 28 31 11 A faint ill-defined round nebula, very faint at the margin, perhaps 1 ^ 

or 2' diameter 

518 17 53 31 43 A group of eighteen or twenty small stars of nearly equal magnitudes, 

extended 8' long, and 4* broad 

319 22 7 20 31 58A very small cluster of very minute stars, resembling a small faint 

nebula, 2' diameter 

820 4 5 7 32 28 A imdl faint nebula, about 12" diameter, with three very email star. 

north of it 

321 10 27 13 32 37 A very small cluster of very small bright stars ; round figure, al>out 4^ 

diameter j rich in extremely small stars fescmbhng faint nebula . . 

322 10 30 7 32 17 A star of the 7th magnitude, involved in faint nebula 

323 10 59 32 16 Centauri, Bode) is a very large cluster of sUirs about the 9th magni- 

tude, with a red star of the 7— *8lh magnitude, north following the 
centre of the cluster. Elliptical figure ; the stars are pretty regularly 
scattered 

324 11 17 0 32 43 Seven or eight smaU stars in a line oblique to the equator 

325 1 1 32 32 19 A cluster of stars in strong milky nebulosity 

326 16 S 21 82 28 A group of Tory mudl rtar. of an irrcguhur branched figure, 15' or 20' 

diameter. The central part is very thin of stars 

327 17 48 16 32 26 A very fiunt nebula, rather extended north, about 30" or 40" long . . 

328 19 15 46 32 41 A imall faint nebula, about 20" diameter, with a minute star in the pre- 

ceding margin 

329 21 19 82 19 (47 Indi, Bode). This is described as two small stars in nebula. I 

can find no nebula in this place; but there are three small stars 
forming an obtuse triaiwle, which answers to the place of 47 Indi. 
There 18 also an iuigu£r line of very minute stars, about 1 in 
length, following about 2^ or S' in time, and 30 south, which would 
have a nebulous appearance through a small telescope 

330 9 22 30 33 46 A faint cluster of sm^ stars of mixed 

pretty bright stars m it. This answers to 485 ArgOs (Bode), and « 
desenbed as a small star surrounded by nebula. ITiis precedes 492 
Arftfia. ibont 5' 'mA,uiA S' or V north of die atar, and is probably 
the olyect intended; the duater ia about 5* diameter, irregular 
. , 2|gure(,ii»iiebttUr * 


328 19 15 46 


MDCCCXXVIll. 
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23 ft5 3G 


15 47 37 


Description of the Nebiilie and Stars. 

( A faint round nebula, about 20" diameter 1 

I A very faint nebula, about 35" diameter. This precedes a group of 
smdl stars 1 

I A pretty large faint nebula, 6^ or V diameter, easily resolvable with 
slight compression of the stiurs to tlic centre, or rather towards the 
following side of the centre 4 

A curved line of small stars, soudi preceding a star of iho 7tli inagni« 
tude.. 2 

‘ A pretty large cluster of small stars resembling faint nebula, general 
iigiire round, south preceding 2 Pyxidis 2 

A small round nebula, about diameter, a little brighter in tlie centre 1 

! A rather faint Cfisily resolvable nebula, of an irregular figure, 2' dia- 
meter 1 

. A small faint round nebula, about 15" diameter, south following a pretty 
bright small star 1 

I A triangular group of small stars resembling faint nehiila, with several 
stars in it of some considerable magnitude 4 

A group of eight or ten pretty bright smaU stars, in the form of a h* 
(the letter Y), about 5' long, parallel to th^e equator, with small stars 
in it resembling laint nebula 3 

A very extensive duster of stars of mixed small magnitudes ( the stars 
appear to bo either congregating together in different parts of tho 
cluster, or breaking up ; tlicre arc several groups already formed, 
the whole cluster is composed of lines of stars, but no general 
attraction towards any particular point 1 

> A pretty large faint nebula, of an irregular figure, about C' diameter, 


353 15 54 10 36 23 Three very minute stars forming a triangle, with a faint round nebula, 
about 20" diameter in the centre, but none of tlic stars are involved 
in the nebula 

3G0 15 59 27 36 13 A pretty large cluster of small stars of mixed magnitudes, about 12' 
mamet^r ; Uie stars are considerably congregated towards the centre, 
extended south preceding and north following 

361 16 2 — 36 51A cluster of stars extended south preceding and north Mowing, of 

▼ariow mixed magnitudes, considerably compressed to die centre. . 

362 16 11 — 36 57 A space in the milky way, exceedingly ricli in email stars 

363 16 IS 5 36 43 A feint duster of very minute stars, about 2' diameter, resembling faint 

nebula 

364 16 85 12 36 29 A 'found feint nebula, about 1' diameter, with three small stars in it ; a 

bright st«r south of the nebula 

365 17 4 27 56 1' A very feiht small round nebula, about 15" diaiAeter, with a bright 

prinrintheoeiicrei I cannot say there is a gradual oondensadon of 
■ Iho nebulous matter $ the minute point may be a star \ # 
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10 21 IG 


18 4 C 


15 C 55] 


IG 11 GO 


17 18 16 
17 S7 18 


Description of the Nebulae and Stars. ob; 

r A pretty large nebula, extended nearly in the parallel of the equator, 
brightest and broadest in the middle; a group of very small stars in 
the middle give it the appearance of a nudeus, but they are not con- 
nected with the nebula, but arc similar to otlier small stars in this 
place which arc arranged in groups. The nebula is resolvable into 
Stars 4 

I An extremely faint nebula, of an irregular figure, S' or 4' diameter, a 
little brighter in the middle ; south following A Telescopii 1 

i An extremely faint small round nebula, very difRcult to be seen, about 
north of a star of the G-7th magnitude 1 

I A faint nebula, elliptical in the parallel of the equator, about S(f long 
and 1^" broad 1 

I An extremely faint round nebula, about Ifi" diameter, with a small star 
in the centre. The faint nebula resembling on atmosphere or clie- 
velure ; the star is in the centre, a small star south of it has nothing 
of this nebulous appearance • . 1 

! A small faint elliptical nebula, with three minufc stars in it. This is 
near the north following extremity of a crooked line of pretty bright 
small stars 1 

A very faint nebula, of an irregular round figure, about 1' diameter, 
very slight condensation to the centre 1 

A very small round nebula, north preceding t Arm, another nebula 
follows this 1 

’ A very faint nebula, of an irregular round figure, about 2' diameter, 
slightly bright towards the centre, easily resolvable into very minute 
stars, slightly compressed to the centre ; this also precedes t Arm. 4 

! A very faint small nebula, about diameter, round figure, south fol- 
lowing a star of the 7th magnitude 1 

A pretty bright round nebula, about 1 1' diameter, moderately condensed 
to the centre; three very small stars involved in the preceding 
margin 4 

A very small faint nebida, 10'' or 12^' diameter, nortli following a small 
group or cluster of stars 1 

A small faint round nebula, about 10*' diameter, north following two 
pretty bright stars 1 

A small faint round nebula, with a bright centre 2 

A pretty large faint nebula, about 6' diameter, rather elongated in the 
direction of the meridian ; no sensible condensation towards the 
centre 1 

An extremely Oiint small nebula, about* 12" diameter, with a bright 
point in the centre 1 

A small faint round nebula, about 55" diameter 1 

A small faint nebula, about 30" diameter, with a small star sliffhtlv 
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400 

10 liiJ 48 

4*072 

A. pretty large faint nebula, about 6^ diameter, easily resolvable, round 
figure, with two rows of small stars following 

0 

401 

10 23 17 

10 32 

A very feint cluster of small stars, with a branch extended ; the head 
of the cluster is rich in small stars 

3 

40'J 

17 11 0 

40 11 

A very fine round cluster of very small stars, slightly compressed to 
the centre, about 8' diameter 

5 

403 

17 20 30 

40 49 

A small round faint nebula, about 25" diameter, very slightly bright 
towards the centre ; a very small star is near the north edge, but is 
not involved, and a star of tlic 6tli magnitude preceding 

1 

401. 

17 38 20 

40 34 

A very feint round nebula, about diameter, following a pretty bright 
siniill star 

1 

40.> 

IS 53 24 

10 4S 

A small feint i)^bula, about 25" diameter, with a small star preceding it 

1 

40(5 

‘31 7 3G 

40 44 

A small round nebula, about 12" or 15" diameter, very bright imme- 
diately at the centre, resembling a small star Hurrnunded by an at- 
mosphere. This is nortli following a star of the Gth magnitude .... 

1 

407 

22 50 55 

40 1 

A very small feint round nebula, with a bright point ui the centre . . . 

1 

1.08 

0 47 35 

41 38 

A pretty large rather ill-defined nebula, of a round figure, witli a bright 
point, or small nucleus near the centre*; the nebula is extremely faint 
almost to the very centre. 'J’hcrc is a star of the 8th or 9th mag- 
nitude near the south preceding side, hut not involved 

1 

400 

4 3 50 

41 47 

A very small and very faint round nebula, about 20" diameter 

£ 

410 

8 0^ 

41 20 

A curiously arranged group of pretty bright small stars of mixt 
magnitudes. This answers to tlie place of 310 Argils (Dode), and is 
described by Lacaille as nebula’ with five small stars forming the 
letter T in it. There is no nebulosity in this place. The diameter 
of the cluster may be about 12'. —Figure 16. is a very good repre- 
seniutiuii of the group 

2 

ill 

12 55 30 

41 31 

A beautiful long nebula, about 10' long, and 2' broad, forming an angle 
with the meridian, about 30° south preceding and north following ; 
the brightest and broadest part is rather nearer the south preceding 
extremity than the centre, and it gradually diminishes in breadth and 
brightness towards the extremities, but the breadth is much better 
defined than the length. A small star near the north, and a smaller 
star near the south extremity, but neither of them is involved in the 
nebula. I have strong suspicions that this nebula is resolvable into 
stars, with very slight compression towards the centre. I have no 
doubt but it is resolvable. I con see die stars, they are merely points. 
This is nordi following the Ist ( Centauri. — Figure 17 

6 


10 15 14 

11 20 

A pratty large round nebula, about 4' diameter, gradually a little 
brighter towards the centre. There is a small star on the north, and 
another on the south side, both involved. This is easily resolved 
into stars, with slight compression to the centre 

4 

41.-) 

1 () 20 0 

41 35 

\ cluster of small stars, with a bright star in the precedii^ side. A 
very considerable branch or tail proceeds from die north side, which 


I.M 



joins a very large cluster 

3 


3 
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42 37 A very faint small round nebula, very equally faint. A pretty bright 
small star following, distant about 1'. A star of the 7th magnitude 
about 7' south 1 

42 0 A large faint nebula, of an irregular figure, 4' or 5' long ; resolvable ; 

mixed magnitudes 2 

43 4 An extremely faint small nebula ; round, with a very minute bright 

point in the centre 1 

43 18 A very faint nebula, about I' diameter; round figure 1 

43 23 A faint small m'bula, about 20" diameter, with a very small star in the 
north preceding side ; the nebula is surrounded by six or seven small 
stars in the form of a circle, about 6' diameter 1 

43 2G u) Centauri (dodc) is a beautiful large bright round nebula, about lO' 
or 12' diameter, easily resolvable to the very centre ; it is a beautiful 
globe of stars very gradually and moderately compressed to the 
centre ; the stars arc rather scattered preceding and following, and 
the greatest condensation is rather north of the centre : the stars 
are of slightly mixed magnitudes, of a white colour. This is the 
largest bright nebula in the southern hemisphere 8 

43 32 An exceedingly small faint nebula, 6" or 8" diameter, with a very mi- 
nute star in the following margin, very much resembling a minute 
double nebula ; but the following is a small star 1 

43 24 Seven or eight small stars in a group, about 1' diameter, with a minute 

line of stars on the north side 2 

43 32 A faint ill-defined small nebula, following a small star 1 

43 4 A very small ill-defined nebula, with a very small star involved in the 

south preceding side 1 

44 29 A nretty large pretty bright round nebula, 4' or 5' diameter, very gra- 

dually condensed towards the centre, easily resolved into stars ; the 
figure is rather irregular, and the stars are considerably scattered 
on the KouUi preceding side : the stars are also of slightly mixed mag- 
nitudes 5 

44 21 A very minute star in the centre of a small round nebula, about 15'' 
diameter ; Uiis has very much the appearance of a small star sur- 
rounded by an atmosphere. Tlicre is a similar small star near the 
following margin, not involved 2 

44 52 A very small nebula, with a very minute star involved in the north side ; 

tlie nebula is about T north of a star of the 9 — 10th magnitude. ... 1 

44 7 A very small round faint nebula, about 15" diameter, very bright im- 
mediately at the centre ; no star of any considerable magnitude in 
die field ; this is in the milky way, and is very rich in small stars • . 1 

44 49 A small faint round nebula, about 15" diameter, north following a sUr 

of the 10th magnitude ; two bright stars in t^ field south 1 

H 0 A very &int round nebula, about 25" diameter, south, preceding a sur 

of the 6th magnitude ^ 
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20 12 16 44 37 An extremely Hmall faint elliptical nebula, about 12" long and 8" broad, 
with a small bright point in the following extremity, which may bo 
a star 1 

6 29 6 45 14 A very faint small ill-dciined nebula, with a very minute double star 

in it 1 

8 44 0 45 10 A group of ten or twelve pretty bright small stars, south fullovting 409 

Argus I 

16 37 23 45 33 A faint nebula, about 4' or 5' diameter, irregular round figure, easily 
resolvable into stars ; with stars of larger magnitudes hcatlered in 
the preceding side of it C 

16 41 20 45 23 An extremely faint ilMefmcd nebula, easily resolvable into stars ; 

this is in the milky way 1 

16 49 — 45 31 A very large patch of strong nebula, about 20' long, and 10' broad, rich 

in small and extremely minute stars 2 

17 23 40 45 22 A beautiful round nebula, aljout 5’ diameter, with a bright round wi ll- 

dehned disk or nucleus, almut 15" diameter, exactly in the centre ; 
this has the appearance of a planet surrounded l)y an extremely taint 
diluted atmosphere; there is a small star involvixl in the faint atmo- 
sphere : the atmosphere is at least 6' diameter. — Figure 18 7 

17 30 51 45 57 A very faint nebuh of some considerable extent; exlendi'd in the pa- 
rallel of the equator; resolvable into extremely minute stars 2 

17 40 20 45 2 A very extremely faint ill-defmed nelmla, south — following a star of the 

7th magnitude 

1 7 45 30 45 54 A very faint nebula, extended about 2 J' in length, oblique to the rtiuafor, 
with a bright }>oiiit in each extremity : the northern, I think, is a 
very small star ; but the southern of the two, or the one at the Hoiith 
following extremity, is a small nucleus or condensation of the nebulous 
matter. I'his follows 16 'Felescopu. — Figure 19 7 

17 49 33 45 55 A faint round nebula, about 40" diameter, gradually a little brighter in 

the middle «... 1 

45 21 A very small faint round nebula, about 12" diameter ; a large nebula 

north preceding this 1 

18 3 7 45 47 A small round pretty well-defined nebula, about 8" or 10" diaraeUr : a 

veiy small star near the following edge, but not imolvcd — preceding 
0'Telcscopii I 

18 22 33 45 45 A very fine double nebul^ very nearly equal, about 10" diameter; di- 
stance about 17"; position in the par^lel of the meridian: a small 
star follows 1 

18 38 0 45 7 An extremely feint nebula, rather of a fen shape, with the small end 
preceding ; it may be S' broad at the following extremity : there is 
a very minute bright point (or star) near the small end involved in 
the nebula 1 

8 59 5 46 5 A small feint round nebula, about 25" diameter, a little brighter in the 

centre : a star of the 10th or 12th magnitude preceding the nebula. 1 


17 40 20 


[17 51 17 
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K;? 6 y '-•> H) :iH An fxtrrmcly faint nebula, about 50" diameUT, round fiifure 

l(uS 9 sr .'iO JO 'll A vi-ry faint easily resolvable nebula, extended about 10' long, and i' 

or .V broad : no central condensation 

‘Kill 11 15 IG 3G An exceedingly faint extended nebula, about 1 0' long ; rather ill-defined 

170 IG 29 .'j.'l IG 59 A round nebula, about O' diameter, slightly bright to the centre ; ca&*ily 

resolvable ; gradual central condensation evident 

t71 IG 35 35 iG 32 A very faint small nebula, about 15" diameter ; another small nebula 
noith of this 

172 17 11 30 IG '15 A faint nebida, about 2' diameter, rather elongated, slightly bright 

Umards the centre. 1 suspect this is resolvable: a line of sniull 
stars south 

173 17 55 M If) 22 A very bright round highly condensed nebida, about 3' diameter. 1 

enii resolve a considerable portion round the margin, but the coin- 
pressiou is so great near the centre, that it would require a very high 
power, ns well as liglit, to separate the stars; the stars are rather 
dusky 

171 17 58 7 'IG 31 .\ small faint elliptiral nebula, about 20" diameter 

175 23 7 9 IG 28 \ small faint nebida, ratlier elongated in the parallel of the e(|uutor, 

about 30" broad, and 10" long ; tliere is a pretty bright point situated 
near the centre of the nebula : a small star precedes it 

1^7 G 23 10 58 to l-O A small faint round nebula, about 30" diameter: a double nebula 
follows this 

1-77 23 12 '10 iG 53 Two Very small round nebula*, nearly the same .R, anddiirering about 
1' in polar distaiiees 

i7« 0 3G 23 47 23 A faint ray of nebula, with two very small stars in it 

i7 9 1 28 15 47 40 A very faint nebula, of a round figure, with two or three minute stars 

ill It near tlie margin 

t.so 3 51 18 47 G A very faint ill-defined nebula, with two or three very small stars in it, 
and u small star following 

I SI 11 18 0 ,i 7 GO A cluster of stars, about 1 o' diameter, niixt magnitude. This precedes 
25 Cenlauri (^Bode.) 

1S2 13 14 4i 47 45 A very singular double nebula, about 2^' long, and T broad, a little 

unequal : there is a pretty bright small star iu the south extremity 
of the soiitiieriiiuost of the two, resembling a bright nucleus: the 
northern and rather smaller nebula is faint in the middle, and has 
the appearance of a condensation of the nebulous matter near each 
extremity. These two nebukx* are completely distinct I'rom each 
other, and no connection of the nebulous matters between them, 
'i'bere is a very minute star in the dark space between the preceding 
extremities of the nebula : they are extended in the parallel of the 
equator m arly. — Figure 20. is a good representation 


1-83 

U) 28 7 

17 3 

A cluster of very minute stars, of a round figure, about 4' diameter, 
following V Norm® . r , , 

48 4 

IG 3G 3 

47 2 

|a very small feeble nebula 


No.of 

ObH. 

1 

1 

1 

1 

2 

1 

5 

1 

4 ' 

2 

1 

I 

1 

1 

4 


7 


3 
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t85 17 5i) IS 47 37 A rouml pretty woll-dofincd faint luhnla, about 45'' ilianii ter, north of 
a triangle of binall stars. 

•tSC 18 39 20 47 44 A very sinj^ilar body rescniblini^ a star, with a very faint thliiied at- 
mosphere, 8" or 10" diameter; it is paler than a star of the saniu 
magnitude, and precedes a pretty bright star 


487 3 11 20 48 14 A pretty bright round nebula, about 1-J' diameter, ^erJ bright and eon- 

densed to the centre, and very faint at the maigm ; witli a U‘ry 
small star about l' north, but not invohid 1 

488 7 8 48 48 21 An extremely faint small round nebula 1 

489 8 40 0 48 43 A very faint nebula, about G' diameter, with small stars seatten-d m jt 

— in the milky way 

too 8 40 32 48 28 A very largo cluster of pretty bright stars, coarsely scattered, about 1'^ 

diameter, following a star 5tli magnitude, 39G Argiis (Ihule.) -j 

191 9 7 IG 48 55 A very small faint elliptical nebula, about 1 5" diameter ; a \ery .small 

star involved in the north extremity 1 

192 10 21 47 48 43 A pretty large faint nebula, of an irregular liguie, easily resoK.ible. 

n. preceding 557 Argiis 1 

493 13 35 10 48 35 A very small faint round nebula, about It)" diameter, gradually a little 

brighter in the middle; a star of the 7ib m.igmtude noiih of the 
nebula I 

191-14 8 7 48 29 A very small faint nebula, south preceding a star of the lOib mag- 
nitude 1 

1-95 15 14 30 48 22 An exceedingly faint ray of nebula, about V long, exleiided in the di- 
rection of the meridian: a group of siiiali stars south ol'llic nebula. ] 

I9(i IG 28 5 1-8 35 An extremely small feeble nebula I 

197 IG 28 '25 48 39 A very small round nebula, about 10" diameter 1 

198 IG 29 50 48 25 A very small round nebula, about 12" or 1.5'%liamcter. 'I'liese llireo 

ncbuUc are in the field togetlier, and .'mother small lu-biila folhuvN, 
north 1 

199 IG 42 — 48 25 A cluster of pretty bright stars of mixt small magnitudes, considerably 

I congregated to the centr<-, about lO' diameter, with a large braueli of 

very small stars extended on the north side ; this is 1 50 Scorjiii 
(Bode.) 3 

500 17 3 18 48 55 A small nebula, about 20" diameter, round, or rather elliptical, pretty 

well defined, with a bright point in the centre 1 

501 17 37 48 48 41 Two very small stars, with a small nebula between them; both the 

stars arc involved in the nebula, but the nebula is nut m a line be- 
tween the stars I 

502 17 38 0 48 26 A group of small bright stars of nearly equal magnitude 2 

503 17 40 27 48 13 A very small faint elliptical nebula, about 10" diameter, preceding a 

very small star, and following a group of stars ] 

50 1 1 8 9 0 48 36 A small round rather wcll-deiined nebula, about 20" diameter : a very 


2 
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Ai 
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&P.D 

Description of the Nebiiloe and Stars. 

small star is involved in the northern margin, and a small star precedes 
it, distant 1' 

50.1 

18 33 S 

18 35 

A small rather elliptical nebula, about 15" long, with a small bright 
point preceding tlie centre 

.500 

18 33 13 

48 30 

A very faint nebula, about 25" diameter. I BU.spect a very feeble Riy 
proceeding towards the other nebula, but not connected. This ne- 
bula is rather confused and ill-dedncd 

507 

0 6 50 

49 SO 

A beautiful long nebula, about 25" in length ; position north preceding, 
and south following, a little brighter towards the middle, but ex- 
tremely faint and diluted to the extremities. 1 sec several minute 
points or stars in it, as it were through the nebula : the nebulous 
matter of the south extremity is extremely rare, and of a dclieate 
bluish hue. This is a beautiful object. — Figure 21 

508 

5 7 0 

49 45 

An exceedingly bright, round, well-defined nebula, about 1 diameter, 
exceedingly condensed, almost to the very margin. Tliis is the 
brightest small nebula tliat I have seen. I tried several magnifying 
powers on tin's beautiful globe ; a considerable portion round the 
margin is resolvable, but the compression to the centre is so great, 
that I cannot reason.ably expect to separate the stars. I compared 
this with the 68 Conn, dcs Terns, and this nebula greatly exceeds 
the 68 in condensation and brightness 

500 

12 15 0 

49 32 

A very curiously branched group of small stars in tlie form of an in- 
verted F, about \° in length ; a bright star of tlie 7tli magnitude in 
the preceding extremity of the figure 

510 

12 38 10 

49 41 

A faint nebula, about 12" or 1 5" diameter, a little brighter to the centre, 
very faint at the margin 

.111 

12 40 4 

49 30 

A pretty large faint nebula 

.51JJ 

14 18 8 

49 16 

A very small round nebula, about 14" diameter, a little brighter in the 
middle, with a very small star involved in the margin of the nebula 

513 

15 51 0 

49 28 

A very singular body ; it is not larger than a star of the 1 2tli magni- 
tude. With a higher [lower it has a considerable hairy appearance ; 
it is very difierent from a star of the same magnitude, and is not 
dusky, but rather pale ; preceding w Lupi about 6J' in A, and C' or 7' 
north of the star 

.111- 

16 13 20 

49 46 

A round cluster. of small stars of nearly equal magnitudes, about IS' 
diameter, considerably congregated to the centre, not rich in small 
stars. This answers to the place of 44 Normos (Bode), but there is 
no nebula 

515 

16 S3 29 

49 30 

A small faint round nebula, about lO" diameter, with a bright point or 
nucleus in the centre 

.5 1 () 

18 0 55 

49 4 

A very faint small ill-defined nebula, with two very minute stars in it : 
tliey are not near the centre, but involved in the north and south 
sides : this is nortli preceding two stars of the 6tli magnitude .... 

517 

18 40 48 

49 19 

A small faint nebula, rather elongated in the direction of the meridian. 
The south extremity is brightest and broadest, and about 15" in length 


No.on 

Ob8.| 

1 

1 

1 

4 

5 

1 

2 

1 

] 

2 

5 

1 

1 

1 
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h m s o , 

22 46 8 4il 24 A very faint nebula extended prectHling and following;, about 1^' lonfr, 
and 20" or 25" broad ; a little brighter in tlie middle, or rather nearer 
the north preceding extremity ; the soutli following extremity is 
very ill denned 2 

Jl 27 7 50 4 A faint nebula, of on irregular round figure, about 3u" diameter, north of 

a bright small star 1 

16 43 16 50 50 A cluster or group of small stars, alxuit 4' diameter, witli hranrhes ex- 
tending soutli preceding, and north following, with eoiibiderable eoiii- 
pression of the stars towards the centre of the group. This ausweis 
to the place of 155 Scorpii (Bode), but there is no nebula 3 

16 50 0 50 34 Two rows or lines of pretty bright small stars in the parallel of the 

equator, with a multitude of minute stars resembling iaint nebul:i, 

5' diameter 

17 5 44 50 44 An exceedingly faint nebula, about 1^' long, and 1' broad, elliptical iii 

the direction of the meridian, with two or three very Ktnall stars in It 4 

17 40 18 50 58 A small round pretty well-defined nebula, about lu" diameter 1 


17 43 4 50 21 Anextremelyfaintnebula,al)out40" diameter, following a pretty bright 

small star 1 

17 50 30 50 13 A very small, very faint round nebula, with' a pretty bright point, im- 

mediately ut the centre 1 

18 8 58 50 52 A small elliptical nebula, almut 25" long, and 15" broad, jireceding a 

small star 1 

18 0 30 50 11 A faint round nebula, about T diameter I 

18 50 •56 50 9 A very small round nebula, about 10" or 12" diameter 2 

22 6 30 50 56 An extremely faint small nebula, 8" or lO" diameter. 1 think iIutc is 

rather a hrightish point in the preceding side ; the nebula is Houtli 
following a pretty bright small star ] 

0 47 23 51 24 A pretty large faint nebula, irn-gular round figure, G' or 7' diameter, 
easily resolvable into exceedingly minute stars, with four or five 
stars of more considerable magnitude ; slight compression of tlie stars 
to the centre 3 

5 0 23 51 55 A long or rather elliptical nebula, almut 2' long, and 50" broad, a little 
brighter in the middle, and well defined. There is a grown of small 
stars on the north side 2 

5 2 50 51 37 An elliptical nebula, about ly long, brightest and broadest in the middle, 

well defined. The preceding nebula and this, are very similar in 
appearance and brightness 1 

5 13 17 51 54 An extremely small faint nebula, with a brightish point near the centre 1 

5 52 SO 51 59 A very small extremely faint nebula, 10" diameter 1 

7 45 4 51 59 A pretty large fiunt nebula, easily resolvable into small stars, or rather 
a cluster of very small stars, with a small faint nebula near the north 
preceding ride, which is r&ih'er difficult to resolve into excecdii^ly 
small stars. This is probaUv two clusters or nebula in the same line ; 
the small nebula is probably three times tlie distance of the large nebula 5 
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; 1() 17 55 51 Around nebula, alKHit U diameter, bright immediately at the centre, 
anil very iaint from the bright nucleus to the margin. Another obser- 
vation makes tlie figure rather elliptical, with a bright nucleus .... H 

17 13 -5 51 :i An extremely faint ill-defined nebula, extended in the direction of the 
meriiliun, about 4' or 5' long, and 35" broad ; the biightcst part is 
near the south following extremity. There are two small stars near 
the south extremity in a line parallel with the nebula 1 

17 21 .30 51 23 An extremely faint ni'bula, about 3' or 4' diameter, with three minute 

stars ill it 1 

17 15 20 51 21 A sm.'ill faint nebula, about 15'’ diameter, round, pretty well defined, 

two bright stars south I 

17 51 7 51 .31) A very small round nebula, about 14" diameter, a little brighter to the 

centre I 

18 3 53 51 57 \ very small and very faint round nebula, with a bright point exactly 

in the centre, resembling a very small star surrounded by an atmo- 
sphere or burr 2 

18 12 i:; 51 51 A small round or rather elliptical nebula, preceding a small star ofthe 

10th magnitude 2 

18 42 5(i 51 0 A very small round nebula, 10" or 1 2" diameter, pretty ivell defined, 

and sensibly briglitiT in the centre; in a line between two small stars 3 

19 15 0 >1 21 A very small faint ncbuhi, with a brigbtish point in the centre 1 


51 5 ‘'^ix or eight pretty bright small stars in the form of the letter T, about 

1' long. -Figure 22. 2 

51 -1(1 An extremely feeble nebula, ill defined ; it appears rather elongated 

oblique to the equator; it is north following a star of the 7lli mag- 
nitude, and also north of the small stars 1 

52 13 A jNinall faint round nebula, about 1.5" diamettr 1 

52 3 A rather bright round nebula, about I5 diameter, gradually condensed 

to the eentre 2 

52 I? A f.unt nebula, about 2^' long, and fully I' broad, extended south pre- 
ceding .Hid north following; a very minute star near each extremity, 
not involved 2 

52 40 A \ cry small faint round nebula, with a very small star near tlic centre. 

Thu star is not exactly in the centre. 1 

52 2 Three or four small stars involved in faint nebula. 1 think there is 
ratluT a condensation of tlie nebulous matter near the following ex- 
tremity 1 

52 50 A beautiful round pretty bright nebula, about 2' diameter, pretty well 

defined 3 

52 23 A very faint nebula of a round figure, about 2^-' diameter, with two 

small stars in it ; 1 

52 11- A very fine bright round nebula, 50" diameter, gradually condensed 

to the centre 1 
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16 53 20 


13 0 17 


18 38 40 


Description of the Nebuhe and Stars. 

Two very miiiuto stars involveil in a small faint iK'hula. This piTtviles 
a very ciirioiiK line of small stars 1 

I A curiously ciirvctl line of pretty bright small st.irs, with many very 
small star'! mixt 3 

I A small well -lie fined rather bright nebula, about 20" ib.mietei ; a very 
small star precedes it, but is not involved; following y 'IVIeseopii 5 

I A faint nebula, of an irregular round figure, about 2' diameter, with 
several extremely small stars in it 1 

I A singular dark space in the heavens, of an irregular figure, about 
long, and broad; no stars except exceedingly minute stais in the 
grctitest portion of this space. There is a blight star in each sale. . 1 

A very small star surrounded with faint nebula like .an atinospluae ; 
other stars in the field are not accompanied with tins a])peai‘ance ; 
the nebula is very faint, and the star is very near the centre 1 

A small faint round nebula, lO” or 12" diameter I 

A pretty large fiiint round nebula, alioni Pt}/ diametiT, gradual slight 
condensation to the centre, very faint at the margin 2 

A large cluster of stars of mixt magnitude, rjither extended figure, not 
rich in very .small stais 2 

A pretty large faint nebula of a round figure, G' or 8' diameter ; the ne- 
bulosity is faintly diffused to a considerable extent. There is a small 
nebula in the north preceding side, vvlueh is probably a condensation 
of the faint diftiisul nebulous mattir; the large nebula is lesolvable 
into stars with nebula remaining 2 

A very small and very faint elliptical nebula, north preceding m Cen- 
tauri (Rode); the nebula is in a line between two small stais, and is 
rather nearer the northern star of the two 1 

A very extensive cluster of stars of the 8th and f>th iiiagmliides, vvilli 
several stars of the 7th magnitude in it; not rich in very Kiutdl st.-irs 1 

A very faint small ill-defined nebula, with a small star in il, with two 
small stars south of il, but not involved 1 

A very faint eluster of very small stars, resembling faint nebula ; the 
stars ore considerably congregated to llie eeiitre, ii regular round 
figure ‘*5 

A pretty large faint nebula, round figure, 5' or 6' diameter, resolvable 
into very minute stars, with nebula remaining 2 

A very faint nebula, with .on extremely faint ray or tad, about 4' long, 
proceeding from it south rather following; there are two very xinall 
stars slightly involved in the head, and also two very miniite stars 
involved near the central line of the ray or tail. — I'lgnre 23 1 

A pretty large faint nebula, ill defined, with a number of stars of small 
magnitude scattered in it I 

A very small roimd nebula, with a very minute star in the north side . . 1 

A beautiful bright round nebula, about 3j' diameter, moderately and 
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gradually condensed to the centre. This is resolvable. The mo- 
derate condensation, and the blueish colour of the stars which com- 
pose it, give it a very soR and pleasant appearance. This is ratlier 
difficult to resolve, although the condensation is not very great .... C 

Jl lYl ^ 0 / 

3 31 li!0 54 US A rather faint, pretty well-defined elliptical nebula, about l' long, and 

1 1 - L xl. - X_- I t 


50" broad, a little brighter to the centre 1 

575 5 10 20 54 24 A very small extremely faint nebula, with a bright point or nucleus in 

the centre 1 

570 5 24 19 54 40 A faint small nebula, n. preceding c Columbm 1 

577 6 55 9 54 29 A very small elliptical nebula, about 15* or 20" diameter 1 

57K 0 42 22 54 11 A pretty bright round nebula, 3' or 4' diameter, moderately condensed 

to the centre. This is resolvable into stars 0 

579 16 55 23 54 3 An extremely feeble small nebula, ill defined 1 

580 17 39 30 54 49 A very faint small nebula, rather extended 1 

581 17 43 35 54 52 A small round nebula, 10'' diameter, bright at the centre 1 

582 18 II 40 54 2 A very minute group of small stars, about 1' dwuneter, with a briglit 

star in the centre, and extremely minute stars mixt, resembling faint 
nebulm 1 

583 18 17 23 54 43 A very small exceedingly faint nebula, with a bright point a little on 

one side of the ctmtre. The nebula is a very few seconds in di- 
ameter 1 

58 1 18 20 0 51 30 A very small nebula, 8" or 10'^ diameter, pretty well defined, bright 

at the centre 1 

585 18 26 52 54 53 A round well-defined nebula, about 45" diameter, moderately con- 

densed very gradually to the centre 4 

586 19 2 47 54 58 A very small nebula, with a bright point near the centre, rather on the 

south side. I cannot say whether this be a star or not 1 

587 19 20 25 54 25 An extremely faint nebula, about 25'' long and 8" or 10" broad, elon- 

gated in the parallel of equator 1 

588 19 58 30 54 7 A very curious nebula, very faint and well defined, with an exceedingly 

bright point in the centre, resembling a small star surrounded by .in 
atmosphere about 30" diameter ; the bright point is exactly in the 
centre, a bright star 12' or 15' south 1 

589 20 3 7 51 29 V faint ray of nebula, alK>ut 30" or 40" long, with two very small stars 

in it ; the stars are not in the centre, but nearer the south side .... 1 

590 0 23 7 55 41 A faint round nebula, about 2' diameter 1 

591 3 25 4 55 36 A very faint small ill-defincd nebula 1 

5!>2 5 31 32 55 21 A small round pretty well-defined nebula ; another similar small nebula 

north 1 

593 5 31 39 55 27 A small round rather well-defined nebula 1 

591 5 40 40 55 38 A small faint nebula, with a ray shooting out on the north side 1 

595 17 32 12 55 II A round faint nebula, about 1' diameter 1 
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598 

599 

GOO 

601 

Al 

h m 9 
17 33 34 

17 40 0 

18 30 14 

0 21 6 

4 5 56 

5 17 11 

S.P.D. 

55 '5 

55 8 

55 46 

56 8 

56 38 

56 17 

Description of the Nebulae and Stars. 

A faint ray of nebula, about 5' lonf;^ and SO" broad, with tliroc stars in 
it. — Figure 24 

A pretty large faint nebula, easily resolvable. This precedes a cluster 
of stars 

A very small nebula, with a minute star in tlie preceding side, a bright 
star preceding 

A very faint nebula, about 25" diameter, rather ellijuical. North of 
1 ) Caelee sculptoris. I'here arc four small stars south of the nebula in 
the form of u lozenge 

An extremely faint ill-defined nebula, rather elong.! led in the direction 
of the meridian, gradually a little brighter towards the centre 

A small round faint nebula, about 12" diameter, w’itli a bright point in 
the centre 

602 

14 0 4 

56 15 

An exceedingly small faint nebula, a very few seconds in diameter, 
n. preceding 248 Centauri 

603 

15 44 23 

56 56 

A very small round nebula, north preceding f Liipi, which is a very 
fine double star*. 

604 

16 42 56 

56 33 

A very small oval nebula, the north end is rather the brightest and 
broadest '. , 

605 

17 35 — 

56 0 

The milky way for several degrees in this place is very beautiful *, as 
seen through the telescope, the small patches of the nebulosity and 
the alternate dark spaces of the sky very much resemble small cir- 
rocuiiiuli clouds 

606 

18 2 37 

56 32 

A faint nebula, about 1^' long and 30" or 40" broad, with a consider- 
able brightness near each end, and faint in the middle, resembling 
two small nebulae joined 

607 

18 27 3 

56 55 

A rather bright well-defined round nebula, about 12" or 14" diameter, 
following a star of the Glh magnitude. 

GOS 

23 50 0 

56 29 

A faint round nebula, almut 2^ diameter, with very slight condensation 
towards the centre ; a double star is north preceding 

609 

8 36 20 

57 55 

A small round faint nebula. N. of L. Pyxidia 

610 

11 12 — 

57 0 

A laint nebula, of an irregular figure, extended about 0' in length . . . 

611 

14 51 8 

57 39 

A very singular body resembling a star with a burr. The light is 
equal to that of a star of the 7th and 8th magnitude, and the diameter 
is not sensibly lar^r, with various magnifying powers. This has the 
apmarance of a bright nucleus, surrounded by a strong brush of light ; 
and the nebulosity surrounding the bright point has not that soil- 
ness which nebulae in general possess. I Consider this different 
i from nebulae in general 

612 

17 30 — 

57 47 

A cluster of small stars of mixt magnitudes, about 15' diameter, irre- 
gular figure 

613 

18 22 10 

57 28 

A pretty bright round well-defined «ebula, about diameter, gra- 

dually condensed to tlie centre ; there is a small star about 1' south 
of the nebula 

6U 

18 33 24 

57 34 

A pretty bright round nebula, about 1}' diameter, very much con- 
oensed to tne centre 


No.oi 

Ubt. 

1 

1 

0 

1 
1 
1 
1 
1 

1 

1 

2 

2 

1 

4 

2 
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No. ^ /R S.P.D. Description of the NebiilcP and Stars. 

iH.'J Jl) 8 i) 37 28 A very small feeble ill-definud nebula 1 

C](J fi 2.5 .'JO .08 10 All ill-defined faint nebulosity of some considerable extent, witli several 

small stars scattered in it 1 


017 1 1 10 3.5 .58 12 A very faint pretty large nebula, about 2' broad and 4' long, very faint 
at the edges. The brightest and most condensed part is near the 
south following extremity ; a small star is involved in tlie north pro- 

ir •*. I . 'I 1 * 


ceding extremity, and there arc two small stars near the south ex- 
tremity, but not involved g 

018 IG 0 0 58 25 A very small star of the 1 1th magnitude, surrounded by a considerable 
atmosphere or nebulous appearance, about 8" diameter. The star 
is perfectly iii the centre. There arc two small stars of rather larger 
magnitude, south following 1 

Oil) 18 3 30 58 9 A pretty well-defined round nebula, about 2' diameter, slight condon- 

sation to the centre g 

020 19 ;J0 jt 58 35 A heautiful largo round bright nebula, about 6' or 7' diameter, gra- 

dually condens»ed to the centre, easily resolvable 2 

021 1 29 0 59 40 A very small round nebula, about 15" diameter, pretty well defined, 

bright at the centre 1 

022 9 3f) 0 .59 J.5 A faint elliptical nebula, long and U' broad, with asmallstarin- 

\olved 111 tlie preceding margin 1 


C2;J l.'J 29 51- 59 15 A very small and very bright nebula, very much rc.semhling a small 

star, surrounded by a very stiong burr ; this is a singular body . , 2 

G24 18 40 7 59 18 A very beautiful nebula, with a very bright round well-dofined disk or 
nuclei, about 15" diameter, surrounded by a giadually decreasing 
light or chevelure, about 1^' diameter; this is exceedingly bright 
jiiiuicdiatcly at the centre 4 

025 3 13 — GO — ('riiis is the place nearly), a round nebula, about 2' diameter, very 

bright at tlie centre, and very faint from the centre to the margin, 
almost eqiuilly faint from the bright nucleus to the margin. There 


are two pretty bright small stars following the nebula rather north . 1 

020 7 47 0 GO 27 A cluster of small stars, of an irregular round figure, with faint nebula, 

easily resolvable. The 257 Argils is south following 1 

027 10 51 0 00 11 1 GO IScorpii (Bode) is a pretty bright round nebula, considerably con- 
densed, and rather suddenly bright at the centre, pretty well defined 
at the margin g 


028 13 15 3 01 2 185 Centauri (Bode) is a very beautiful round nebula, with an exceed- 
ingly bright well-defined planetary disk or nucleus, about 7" or 8' di- 
ameter, surrounded by a luminous atmosphere or chevelure, about 
0' diameter. The nebulous matter is rather a little brigliter towards 
the edge of the planetary disk, but very slightly so. I can see seve- 
ral extremely minute points or stars in the chevelure, but 1 do not 
consider them ns indications of its being resolvable, although I have 
no doubt it is composed of stars 5 

G29 17 8 25 01 55 A very small Taint round nebula, about 8'^ or lO'Miomcter, bright in 
the centre. Tliere is a very small star south of the nebula, distant 
about 10" from it, but is not involved or connected with the nebula 1 
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Tlie Nebula Minor, to the naked eye, has very much the appearance of a 
small cirrus-cloud ; and througli the telescope, it has very much the appear- 
ance of one of the brighter portions of the milky way, although it is not so ricli 
in stars of all the variety of small magnitudes, with which the brighter parts 
of the milky way in general abound, and therefore it is probably a beautiful 
specimen of the nebulosity of which the remote portion of that magnificent 
zone is composed. 

Plate IV. is a very correct diawing of the nebula, which if faithfully repre- 
sented by the engraver, will convey a better idea of it than I could j)ossibly 
Jiope to do by words. 

Its situation in the heavens is between 0** 27' and 1** 6' or 7' in light 
ascension, and between 74® 30' and 72*^ 5*^' in south declination. Its position 
is oblique to the equator, south preceding and north following; and its form is 
nearly that of a parallelogram about two degrees long and fully oiu* degree 
broad, and may be arranged according to its natural geneml appearanct*, into 
bright, faint, and very iaint nebulosity. The bright, nebula forms the south 
extremity and the preceding side, and is equal to the breadth of the nebula at 
the south end^ aiid gradually diminishing in breadth and brightness till it ter- 
minates in an accumulation of the nebulous matter in the north extremity. The 
bright portion of the .nebulous matter is not uniformly bright, but has some- 
thing the appearance of small cumular clouds, although not very ilecidedly 
marked, and which I cannot well delineate. The faint nebula whicfi is on the 
following side, is broad at the north extremity and gradually diminishing in 
breadth to where, with the other faint shade, it joins the following side, of the 
brighter portion of the nebula, near the south extremity. The very faint sliade 
is also on the following side, and extends from the northern to the southern 
extremity of the nebula, *tod is rather more strongly marked at what I would 
call its terminating border, than where it joins or blends with the faint shade ; 
and I suspect it is faintly connected with a patch of faint nebula which follows 
at a little distance, and is represented in the figure. 

There are two pretty bright small nebulse situated in the following margin 
of the bright shade, and a considerable number of faint nebulsc and accumu- 
lations of the ndiulous' matter variously situated throughout, and also in the 
patch which follows ; but they are described in the general catalogue. 

1/2 
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The figure of the Nebula Major is so irregular^ and divided into so many 
parcels^ that without the assistance of letters of reference it will be impossible 
for me to attempt a description. However^ the appearance and construction 
of the dilfercnt nebulm which compose it> are more minutely described in the 
general catalogue. 1 will here only attempt to describe the apparent connec- 
tion of one portion or branch of the nebulous matter with another. I find the 
existence of extensively diffused faint nebulosity throughout a great portion of 
tills quarter of the heavens^ from the Robur Carol! to the Nebula Major, and 
I can even trace its existence in the vicinity of Nebula Minor. 

The Nebula Major is situated between 4** 46' and 6** 3' in right ascension, 
and between 66 ° 30' and 71° SO' of south declination ; but the body or prin- 
cipal portion of the nebula is situated between 6 ** 7^ and 5** 40' in right ascen- 
sion, and between 69° and 71° of south declination, and is composed of very 
strong bright nebula, very rich in small nebulae and clustering stars of all 
the variety of small magnitudes : 1 compared this portion of the nebula with 
Sobieski’s Shield, which in this latitude is near the zenith. Tlie observation 
says, “ The Nebula Major very much resembles the brightness in Sobieski’s 
^ihield ; it is scarcely so large, but 1 think it is equally bright.” Another obser- 
vation says, **The ridge or bnghter portion of Nebula Major is more condensed 
than the Shield.” Plate V. is a correct rcpre.sentation of Nebula Major. 

The bright ridge or body of the nebula is extended obliquely to the equator, 
north praceding and south foUowing, and the following extremity breaks off 
rather suddenly, faint, decreasing in brightness in a south following direction 
to tlie distance of fully a degree and a half towards the star |3, which is slightly 
involved in the narrow extremity: preceding the star marked 7 , a consider- 
able increase of the brightness of the nebulous matter takes place ; another 
accumulation takes place at I about 15' diameter. There is a small star north 
with a small nebula preceding, but neither of them ai'c involved in the accu- 
mulation of the nebulous matter. I and f are connected by streams of unequal 
l)rightness, i is pretty large and is rich in small stars and nebulae : opposite I 
and f, towards the principal body of the nebula, the nebulous matter is very 
faint and of unequal brightness ; f is south following a beautiful group of 
nebulm of various forms and magnitudes, on a ground of strong nebulosity 
common to all, with the 30 Doradfls (Bode) in the centre. 
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South of the 30 Doradhs a pretty bright accumulation of the nebulous matter 
takes place, extended, preceding and following, and Is joined by pretty strong 
nebula to the arm », which proceeds in a northerly direction from the body of 
the nebula ; the bright star near the north extremity of the arm is not involved 
in the bright nebula. Between the arms « and X the nebula is very faint, and 
the bright accumulations of the nebulous matter on the noith side are all 
connected together by nebulosity of various brightness, and are connected to 
the main body by the arms tt and X : and 1 strongly suspect the nebula at p is 
connected by very faint nebula with the group surrounding the 30 DoradOs. 
The accumulation of the nebulous matter at S is connected with the preceding 
extremity of the body of the nebula, by nebula increasing in brightness towards 
the neck of the body, but 1 cannot say that the yp is connected with the £. 
Two arms proceed from the neck towards the south, which arc connected by 
foint nebula between them, which gradually increases in brightness towards 
the junction of the arms ; between the arm and the body the nebulosity is 
faint, of various shades of brightness, and from the anns tj and i^, to the head (, 
the nebulosity is of various degrees of brightness. 

1 have made a very good general representation of the various appearances of 
the milky way, from the Robur Carol! to where it crosses the zenith in Scorpio. 
Plates VL VII. and VIII. This was generally made by the naked eye, except 
in particular places where I suspected an opening or separation of the nebulous 
matter, when I applied the telescope. However, the dark space on the east 
side of the Cross, or the black cloud as it is called, is very accurately laid down 
by the telescope : the darkness in this space is occasioned by a vacancy or want 
of stars ; it contains only two or three of the 7th magnitude, and very few of 
the '8th or 9th magnitude. I may here remark that the Nebula Minor is not 
so bright as the Nebula Major. 

Neither of the two nebulae, Major and Minor, arc at |>re8ent in the place 
assigned to them by Lacaillb ; and it has been suspected that nebulous 
appearances change their form and also their situatioii^ Yetj^ although the 
situation of these nebulse, as given by Laoaiulb and compared with their pre- 
sent situation, would be ftvourable to such a surmise, still we|ii^l consider 
the dimensidtis of the'kuitniments with winch he iiia4e kis dl^eimtions, and 

make a MaaoiiaUe »Bqiiraiioe. ^ 
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However, the 30 Doradfts is at present involved in pretty strongs and pretty 
l>riglit ne])ula, and is also situated very near the brightest part of the Nebula 
Major ; and it would be singular if its relative situation was the same when 
Lacaille observed it as it at present is ; that he should have assigned to it 
a place in the Dorado and not in the Nebula Major, to which, from its nature, 
it was not only nearly allied, but in which it was actually involved, lliis cir- 
cumstance, it must be confessed, is favourable to the conjecture ; and the 
47 Toucani is similarly situated, with respect to distance, from the Nebula 
Minor, although it is not involved in nebulosity or connected with the nebula. 

Wlien reflecting on these circumstances, I was led to examine the present 
state of these nebulm, and find that scarcely any nebulae exist in a high state 
of condensiition, and very few in a state of moderate condensation towards the 
centre. A considerable number appear a little brighter towards the centre, 
and several have minute bright points immediately at the centre. Others have 
small or very minute stai’s variously situated in them, but many of those bright 
points in, or near, the centre may be stars, for the Nebula Major in particular 
is very rich in small stars. But the greater number of the nebulm appear only 
like condensations of the general nebulous matter, into faint nebulae of various 
forms and magnitudes, generally not well defined ; and many of the larger 
nebulous appearances are resolvable into stars of mixed small magnitudes ; 
and a great portion of the large cloud is resolvable into innumerable stars of 
all the variety of small magnitudes with strong nebula remaining, veiy similar 
to the brighter parts of the milky way. And whether the remaining nebulous 
appearance may not be occasioned by millions of stars disguised by their 
distance, is what I cannot say. 

But a critical examination of these nebulae would not only be a valuable 
treasure for the present generation to possess, but an invaluable inheritance for 
them to transmit to posterity. For it must be by the comparison of obseiwa- 
tions, made at distant periods of time, that we can draw any satisfactoiy con- 
clusions concerning the breaking up or the greater condensation of the nebu- 
lous matter. It seems beyond a doubt that stars must assume a nebulous 
appearance when situated at immense distances ; but whether all nebulous 
appearances are occasioned by stars, is a problem apparently beyond the reach 
of man to resolve, without the assistance of analogy, which ought not to be 
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trusted too freely, especially with objects almost equally beyond the reach of 
our hands and telescopes. Several of the veiy faint and delicate nebula' can 
be resolved into stars, and also many of the brighter nebulae are composed of 
stars : but there are a greater number which have not yet been resolved or 
shown to consist of stars ; and it is not improbable, that “ shining matter may 
exist in a state different from that of the starry.” 

James Dunlop. 


P.S. Plate IX. has been added, at the suggestion of Mr. Meuschkl, to illus- 
trate the distribution of the Southern Nebulae. The nebidoe are laid down 
without any regard to their form, magnitude, brightness, or nature ; and 
but little to their strict places, only so far as to cause every rectangular 
space on the map, which occupies one degree in Polar distance iind one hour 
in Right ascension, to contain the same number of nebulae as su;tually occur 
in the heavens, according to the observations detailed in this paiR*r ; tin* 
object of the plate being solely to give an idea of th(‘ir arrangement generally 
in the heavens. 
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IX. An account of trigonometrical operations in the years 1821, 1822 and 1823, 
for determining the difference of longitude between the Rm/al Ohservaioi'ies of 
Park and Greenwich. By Captain Henry Kater, r.P.H.S. 

Read January SI, and February 7, 18S8. 


Section 1. 

In the year 1790, a scries of trigonometrical operations was carried on by 
General Roy, in co-operation with Messrs. De Cassini, Mrciiain, and Le- 
ge >#>> for the purpose of connecting the meridians of Paris and Gn'cnwich. 
In England, the work commenced with a base mea§im;d on Hounslow Heath, 
whence triangles were carried through Hanger Hill Tower and ISeverndroog 
Castle on Shooter’s Hill, to Fairlight Down^ Folkstonc Turnpike, and Dover 
Castle on the English coast; which last stations were connected with the 
church of NOtre Dame at Calais, and with Blancnez and Montlambcrt upon 
the coast of France. An account of these operations will be found in the 
Philosophical Transactions for 1790. 

In the year 1821, the Royal Academy of Sciences and the Board of Longi- 
tude at Paris communicated to the Royal Society of London their desire, that 
the operations for connecting the meridians of Paris and Grcenwicli should he 
repeated jointly by both countries, and that commissioners should be nominated 
by the Royal Academy of Sciences and by the Royal Society of London for 
that purpose. Tliis proposal having been readily acceded to, Messrs. Arago 
and Matthieu were chosen on the part of the Royal Academy of Sciences, and 
lJeat.-Colonel (then Captain) Colby and myself were appointed by the Royal 
‘Society to co-operate with them. 

The instrument employed on this occasion was Ramsden’s great theodolite, 
the property of the Royal Society, the same which had been used by General 
Roy. a par^ of the Royal Artillery and a sufficient number of tents were 
supplied by his Grace the Duke of Wblunoton, then Master General of the 
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Ordnance, and every means were afforded which could tend to facilitate the , 
work. 

It was at first pi?oposed to adopt some one of the distances given by the 
Trigonometrical Survey of Great Britain, as a base, and to connect this with 
General Rov s stations upon Fairlight Down and near Folkstone Tunipike. 
But the attempt to discover General Roy’s stations upon l^irlight and at 
Folkstone proved, in the first instance, fruitless ; and unfortunately, the gun 
which hail marked the important station of the trigonometrical suiwey on 
Beachey Head, was not to be found. It is to be feared that, in consequence 
of some misapprehension, it had been removed along with some old guns 
wliich were fonnerly near that place, and thus one of the most valuable points 
of the survey of Great Britain was irrecoverably lost. 

('olonel Colby was so good as to allow Mr. Gardner (then one of the 
assistants on the trigonometrical survey, and now agent for the salei(|||i$the 
Ordnance maps,) to accompany us ; and to the talents, zeal, and cxerUon of 
that gentleman, on various occasions of difficulty, we were much indebted. 

The signals used for connecting the stations upon the coasts of England and 
France were lamps with compound lenses, constructed under the direction of 
M. Fresnel, and of which he lias published an account. It mil be sufficient 
here to mention, that the lens, composed of numerous pieces, was three feet in 
diameter, and tliat the light far exceeded that of any of our light-houses, ap- 
pearing at the distance of forty-i'ight miles like a star of the first magnitude. 
Staffs were also erected near the lamps, but these were only occasionally visible. 

Having selected convenient stations upon Fairlight Down and near Folk- 
stone Turnpike, and placed the lamps there with steady men to attend them, 
the party crossed the Channel on the 24th of September 1821, and proceeded 
t() Cape Blancncz, a station to the south-west of Calais. Here we found an old 
guard-house, the roof of which was partially destroyed, but of which we never- 
theless took ]) 08 session, as it promised a less comfortless abode tlian oar tents 
at that season would have afforded. At Blancnez we experienced very tem- 
pestuous w^cathcr ; and on the night of the 4th of October it blew so violently 
that the men’s tents were carried away, and we were obliged to tedre down the 
theodolite to preserve it from injuiy. 

The observations at Blancnez having been concluded on the of October, 
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we proceeded to Montlanibert (or as it is commonly called Boulambert), a small 
fort situated on a height near Boulogne ; and by the 9th of October tlie instru- 
nicnt was ready for observing. In the course of our work nt this station some 
delay was experienced in consequence of the lamp at Fairlight not being 
lightetl, and M. Matthibu and Mr. (iardner were dispatched to know the 
cause of this omission. On their arrivid at Calais, finding no packet n*ady to 
depart, their anxiety led them to cross in an open boat, at night, in W(‘athcr so 
tempestuous that they were nearly lost. They found that tlie glass Aihiinneys 
of the lamp at Fairlight were all broken ; but their ingenuity remedied this by 
joining the remaining pieces together ; and on the evening of the 13th the light 
was seen, and satisfactory tingles obtained between it and the other stations. 

On the 1 4tb of October, the observations at Montlaralicrt being completed, we 
left that station for Calais. On the 17th wc re-crossed the Channel, and on the 
19th •proceeded to Ftiirlight. Here 1 endeavoured to find General llov\s station, 
and discovered the cause of the failure of the fonnei^ attempt^ In the account 
of General Hoy's operations, his station is stated to be 347 fciil southward from 
the Mill ; and the angle at his station between the Mill and Fairlight Church 
is given. Now it happens that the mill which stood in General Roy's time has 
been destroyed, and another built upon the Down in a ditferent bltuation. A 
cireular trace however of the old mill was at length discovered; and the distance 
from its centre to the station having been carefully measured nearly iu the 
proper direction, a small theodolite placed at the end of this radius was shifted 
until the centre of Roy's Mill and Fairlight Church subtended the given angle. 
On digging under tho. theodolite, the wooden pipe by which General Roy had 
marked his station was found at the deptli of four feet. In order to preserve 
this point, a millstone having the words “Roy’s Station” cut upon it, was 
placed level with the surface of the ground, its centre being precisely over the 
centre of the pipe. 

llie observations at Fairlight were completed by the 22nd of October, and 
the party proceeded on the 24th to a station chosen near Folkstone Turnpike. 

in order to cany on the series towards London, stations had been selected 
on StedeHalland Wrotham Hill; but as these were not visible from Folkstone, 
it became necessary to employ an intermediate point on Tolsfoid Hill. 

A staff had been erected on General Rot's station upon Dover Castle, in 
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order to connect this with the Church of Notre Dame at Calais. But. as. it , 
would have been peculiarly inconvenient^ and would have been attended with 
some risk to have got the great thexKlolite upon the Castle, the angle there was 
not taken; but the distance between Dover station and Notre Dame has been 
detcniiined by means of two sides and the included angle, in a manner which 
will probably appear to be sufficiently satisfactory, as no other station is dfr^ 
pendent upon this distance. h 

The observations at Folkstone were completed on the 87th of October ; and 
with great regi'et we now bade adieu to our much^esteemed companion 
M. Arago, who left us for Paris ; and as tlie season was too ffir advanced to 
admit of any further proceedings, the paity returned to London. 

It was now our intention to connect our triangles with the base measured 
by General Roy upon Hounslow Heath ; but though upon examination it was 
found that the guns marking the termination of this base still existed, it was 
not thought advisable to attempt to avail ourselves of it, from the many build* 
ings which intervened, and which prevented one end of the base being seen 
from the other. Wc were therefore under the necessity of . employing the 
distance from Severndroog C'astlc to Hanger Hill Tower, as these were the 
nearest stations to General Roy's base that could be identified with su%ient 
precision. 

During the operations of 1821, 1 was strongly impressed with the inconveni- 
ence of changing the zero point of the tlieodolite, in order to obtain die angle 
upon ditfereiit arcs, so as to do away errors of division ; and on my return to 
London 1 caused four additional microscopes to be adapted to the instrument, 
by Mr. Carey. On this important alteration I shall have fuiiher to remark in 
the Appendix. 

The summer of 1822 was employed in the choice of Stations, one of which 
was the tcmporaiy meridian mark erected near Chingford for the Royal Obser- 
vatory. This stiition was chosen, in order that a side of one of our triangles 
might coincide with the meridian of Greenwich, and that the azimuths of the 
different stations, with respect to that meridian,. might thence be deduced 
greater accuracy than miglit have resulted from observations of the pole star. v 

•Stations were also selected upon Leith Hill, Wrotham Hill, Stede.lUU, and 
Crowborough. Wc anxiously sought a station to the.south • of Ghingfonl,. for 
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the purpose of joining it with Sevcrndroog Castle, in order to connect these 
points wHh the Royal Observatory ; but our endeavours were without success, 
and we were obliged to content ourselves with accomplishing this object by 
intersecting th^ north-west pinnacle of Westminster Abbey, ami also the Cross 
of St. Phul’s. The different methods, however, by which the distance from 
Chingford to Sevemdroog has been obtained, and the small diflvrence in the 
results, leave little reason to fear any error of importance. 

On the IStii of August 1823, the party proceeded to Hanger HHl Tower 
Tins station is very unfavourable for observations, in consequence of the un- 
steadiness of the building. Here we felt the great advantage of the additional 
microscopes with which the theodolite had been himished, as by their aid hy 
were enabled to accomplish that in a week which it would otherwise have 
required a much longer period to have completed satisfactorily. 

On the 17 th of October, our observations being concluded at Hanger Hill, 
the party left that station for Fairlight Down. Lamps were employed at the 
stations on Wrotham Hill and Tolsford, and the observations at Fairlight 
were completed by the 28th. 

From Fairlight we proceeded to Folkstone Turnpike. Here, as most of the 
required angles had been obtained the preceding autumn, little remained to 
be done, and we%ere enabled to quit this station on the 5th of September. 

Before the party left F(4kstone, an attempt was made to discover Genei-al 
Bor's station 5 and at length the pipe which marked it was found in a state of 
complete decay, at the distance of three feet to the North-west. Tlie angle 
between Boy's station end Fhirligfat being 80“ 18'. 

The party now proceeded to Tolsford Hill, a commanding eminence, from 
which the stations on the French coast are visible. Here we saw FienneS, 
and succeeded in obtaining the angle between it and Montlambert. 

From'DMord we proceeded on the Oth of September to Stede Hill, a station 
m the ground* of Wiujav Baldwin, Esq. To this gentleman We were in- 
debted for the most kind and fHendly attentions^ and it would be difRcult to 
do justioeto the warm hospitality whieh weexperienced from him. Not only 
was evDiy! thing tint ioenld foeilitkte our otjects IDstantly supplied ; but the 
personal ’comf(kt'Orthe>'Whole Indudlng that of the private soldiers. 
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Our observations at 8tcde Hill being completed on the 14th of September^ 
wc left that station on the IGth for Crowborough^ and on the 25th proceeded 
to Leith Hill, a remarkably fine commanding station. 

We left I^eith Hill on the 5th of October for Wrothain Hill, where, liaving 
<Joinpleted our obsei'vationH, the party proceeded to Severndroog Castle upon 
Shooters Hill. We had here to erect d shed upon the summit of the tower to 
c over the instrument : this was speedily accomplished by the kind assistance 
afforded by Lieut. Colonel Jones of the Royal Engineers, who supplied us 
with carpenters and all that was necessary from Woolwich. 

On the 24 th of October the theodolite was safely hoisted by proper tackle 
to the summit of the tower, and the flagstaff having been removed, the in* 
strument was placed with its centre precisely over the spot which the flagstaff 
had occupied. A platform of boards was attached to the brickwork, so as to 
l>e clear of the leads upon which the instrument rested : so unsteady, however, 
was this building, that we thought it advisable ultimately to reject the angles 
which had been taken by reading off the five microscopes, in consequence of 
the disturbance which was found to be occasioned by any person moving upon 
the platform. We therefore resolved to content ourselves with reading the 
two opposite microscopes, which might be done without any change of po- 
sition in" the observers. The angles, however, which were tjeduced from the 
observations with the five microscopes arc givem in the Appendix, but are 
se]v»iratc(l by a line from the results furnished by the two microscopes, from 
which they differ but little, and which have been employed in preference. 

At tliis station wc experienced considerable difficulty in obtaining the re- 
(piisitc angles witli Hanger Hill, as the signal’ erected upon that tower was 
seen only once, in consequence of the intervening smoke of London. At length 
(^>h)ncl Colby thought of a method by which this difficulty was overcome. 
Tin jilatcs were nailed to the staff upon Hunger Hill Tower, the plates being 
disposed above each other in certain angles, so as to reflect the sun's rays to 
Severndro(»g. 'Fhis contrivance, which answers the purpose in a certain de- 
gree of the heliostat of Professor Gauss, wo^ perfectly successful ; each plate 
gave in succession a neat image of the sun resembling a fixed star, which was 
seen through a smoke so thick that even the hill was invisible. 

From {Scverridroog tlie party proceeded to the station*at Chingford, and , 



LONGITUDE BETWEEN PARIS AND GREENWICH. 


159 


the 10th of November the instrument was ready for observation. The season, 
however, was so far advanced that it was found impossible to obtain the requi- 
site angles with the Royal Observatoiy or with Westminster Abbey. The 
health of the men too began to suffer from their being enoain])ed upon a wet 
clayey soil; we therefore thought it prudent to strike our tents on the 18th, 
and return to London. 

Colonel Colby intending to use Chingford as one of the stations of the Tri- 
gonometrical Survey of Great Britain, the theodolite belonging to the Ordnance? 
was placed at Chingford in July 1823, and ndth it the angles were obtained 
which we were not able to observe the pirceding autumn. 'J'his instrument is 
in every respect similar to that belonging to the Royal Society, excepting tliat 
Colonel Colby had recently caused three equidistant inicroscopes to be adapted 
to it, which may be used instead of the two microscopes formerly employed. 

The transit-room not being visible from Sevemdroog Castle, the staff erected 
upon the Royal Observatory was placed upon the centre of the octagonal room 
of that building ; and the angle at Chingford between the staff and tlie centre 
of the transit instrument, as well as their distance from each other, is cal- 
culated from data furnisdied by the Astronomer Royal. 

As the preservation of the stations was felt to be an object of considerable 
importance, a stone was procm’cd for each about one foot square and four or 
five feet long, lliis was sunk endways until it was level with the gi*ound, and 
had the word “ Station” and the date of the year cut upon it. We did not 
however rely wholly upon the stone, though its great weight would render its 
removal a task of some difficulty ; each station, wherever practicable, is also 
fixed by angles formed by steeples or other permanent objects in the vicinity, 
and by means of which, should the stone be removed, the station may be 
readily recovered within a very few inches. 


Section 2 . — ()f the method of computation emploi/ed. 

A triangle upon the surface of the earth, the skies of which are small in pro- 
portion to the radiuB, may be considered as a spherical triangle, and the sides 
mi^ be computed by means of spherical trigonometry. Or, the angles formed 
blr tbe chords mqr be and the spherical triangle be thus reduced 
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to a plane triangle, of which one of the sides and the angles being known, 
the other sides or chords may be readily determined. This is the method 
which has hitherto been employed in the English and Indian geodesical 
operations. 

A third method, which is due to Legendre, is as follows : If from each of the 
observed angles of a small spherical triangle, one third of the spherical excess 
be deducted, the sines of the angles thus diminished will be proportional to 
the lengths of the opposite sides, so that the triangle may be resolved as if 
perfectly rectilineal. This method, which is beautifully simple and accurate, 
is usually employed on the continent, and is that of which I shall avail myself 
on the present occasion. 

The excess of the sum of the three angles of a spherical triangle above two 
right angles, termed the spherical excess, is useful to indicate the degree of 
reliance which may be placed upon the obs^wed angles. I have therefore 
given it in a separate column, from which the sum of the errors of the observed 
angles of any one of the triangles may readily be inferred. It is also necessary, 
when only two angles of a triangle have been observed, that the spherical 
excess should be known, in order that'one third of it may be deducted from 
each of these angles to prepare them for calculation. The spherical excess of 
a triangle may be found in seconds, by adding together the logarithm of any 
two sides, the logarithmic sine of the contained angle, and the constant loga- 
rithm 0.3733260. 


Section 3. — Tricmgles and distances. 

The distance given by General Roy from his station upon Sevemdroog 
I'astle to that upon Hanger Hill Tower, is 84376.68 feet ; but the distance 
from the station of 1822 upon Sevemdroog Castle to General Roy's station 
was lOi inches ; and the angle between General Roy's station and Hanger Hill 
being about 47^ 23^ we have 0.62 of a foot to be added in opder to obtain 
84377.3 feet, the distance from the station of 1822 to Hanger Hill. 

By the comparison of various British standards of linear measure, published 
in the Phil. Tmns. for 1821, it appears that the standard employed by General 
Roy for the mccasurement of the base upon Hounslow Heath ditfored firom tllb 
Imperial standard yard ; and in consequence it becomes necessary to multiply 
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^ General Rpy’s distance by .0000691 to obtain 6.82, the correction to be added 
to such distance, in order to convert the Jeet of his survey into Imperial feet *. 
Applying this correction, we have 84383.12 for the distance in Imperial feet 
from Severndroog Castle to Hanger Hill Tower. 


Hanger Hill from Sevemdroog Castle, 84383.12 feet 


Obunrod Angles. 

Sp. Exceu. 

Anglei for Calcu* 
latiun. 

UfstsncML 

Foot. 



Leith Hill Station 35 23 lS.B7 

Hanger Hiil Q3 26 23.60 

Sevemdroog Castle 6l 10 24.18 


180 0 1.65 2.53 


Sevemdroog Castle from Leith Hill Station, 144760.06 feet. 


Wrotham Station . . 
Sevemdroog Castle 
Leith Hill Station . . 


65 26 4^.68 
86 25 68.40 
28 7 16.42 



^ 1^ 46.85 
86 25 57.57 
28 7 15.58 


180 0 2.50 2.56 


Wrotham Station from Sevemdroog Castle, 75014.27 feet. 


Chingford Station 1% ^5 1.77 

Sevemdroog Castle 149 26 13.36 

Wrotham Station 13 58 44.20 


HHl 


179 59 59.33 0.!»7 


Hangeir HiU from Leith Hill Station, 127658.21 feet, 


Westminster Abbey 
fihhgecHilt ..... 
Leith .HUiStaUon . 




1 % 35 2.00 
149 26 13.58 | 

63488.87 

13 58 44.42 

133640.58 I 


39809.02 

130366.27 


L»:t.Tltaaidhi df dta Trigeeoiofi^^ 1, believe, derived 

^ “W correction 

as that employed above, ahould it Iw neoessitfy tor convert them into Imperial' feet. 

< r ;Uii‘ * ir uJ n '>■ >w •»;*;» 

MDCCCXXVllI. t 
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Westminster Abbey from Leith Hill Station^ 130366.27 feet. 


Angles for Calcu- 
lation. 


Severndroog Castle . . . . 
Westminster Abbey . . . . 
Leith Hill Station 


Distances. 

Feet. 



Westminster Abbey from Severndroog Castle, 44601.10 feet. 


Cliingford Station . . 
Severndroog Castle. . 
Westminster Abbey 


42 62 10.16 
Gl 33 50.95 


42 52 9.96 

61 33 50.75 

63488.87 

75 33 59.29 

57648.50 


Leith Hill Station from Severndroog Castle, 144760.96 feet. 



Westminster Abbey 
Leith Hill Station . 
Severndroog Castle. 


99 45 2^.38 
17 40 36.40 
62 33 57.22 


130367.18 

44601.41 


Westminster Abbey from Severndroog Castle, 44601.41 feet. 


Cliingford Station 42 52 10.16 

Westminster Abbey 

Severndroog Custlc 6l 33 50.95 



67648.90 

63489.30 


Hanger Hill from Leith Hill Station, 127658.21 feet. 



St. Paul’s 

Hanger Hill 

Leith Hill Station 


67"Sf4 68.34 

93 13 2.63 1 

49848 ^ 

19 21 69.08 

188048.89 
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St. Paul's from Leith Hill Station, 138042.29 feet. 


8everndroog Castle . 

St. Paul’s 

Leith Hill Statibn. . . 


Observed Angles. 

Sp. Excess. 

Angles for Calcu- 
lation. 

Distances. 

Feci. 



yZ 54 29.14 

39D67.20 

144760.30 

16 1 1.5.75 


91 31 15.54 

16 1 15.32 


1.30 




Sevemdroog Castle from St. Paul’s, 39967.20 feet. 


Chingford Statitin 0 nfi.ll 

Severndroog Castle 51 43 19.05 

St. Paul’s 





39 

b .3^95 

51 

43 m.K9 


16 5.16 


G:)4S9.66 

49R44.:iO 


Leith Hill Station from Sevenidroog Castle, 144/60.96 feet. 


St. Paul’s 

O < M 

Leith Hill Station 

Sevemdroog Castle 

, 16 1 1.5.75 

72 24 29*57 



91 .14 iLlt 


16 1 1.5.32 

1.3H042.K6 

72 24 29*14 

39967**36 


Severndroog Castle from St. Paul’s, 39967.36 feet. 



Chingford Station 39 0 3&.11 

Scvcrndroog Castle 51 43 19*05 

St. Paul’s 


By the preceding triang^ we have the following distances from Chingford 
to Sevemdroog Castle. 63488 87 

63488:87 

63489.30 

63489.66 

63489.91 

Mean .... 63489.32 

■■ . 
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Mean distance of Sereradroog Caatle from Qiingford Station, 63489.32 feet. 


Oburrsd Aagtoi. 


AngktftirCalcu* 

Litton, 

DbtancM. 

FeeL 

lloyal Observatoiy 

Severndroog Castle ........ 

Chingford station 

9 t U 

60 OS n.^s 

11 01 «o«t 

■ 

RhhI 

10( 1& lS.$7 
'60 00 *1.17 
K'Ol *0.16 

. 14713.21 
07787.63 



0.19 




To connect the centre of the transit instrument at the Royal Observatory 
with the preceding triangle^ the Astronomer Royal favoured me with the data 
given in Plate X. fig. 1. It may there be eeen that the distance from the 
centre of the octagon room to the centre of the transit is 106.89 feet^ the angle 
at the transit between the octagon room and the meridian of Greenwich 
65^ 2B* and that the length of a perpendicular let fall from the centre of 
the^MagOn room upon the meridian of Greeiffwich is 87*19 feet. By means of * 
theie;4^ta and the (Hstance from the centre of the octagon room to Chingford 
Station^ the angle at Chingford Station between the centre of the octagon room 
and the centre of the transit^ is found to be 5f 1 1''.21. 

If any proof were necessary of the su^curacy of the preceding data, I might 
observe that in the account of General Rof^s survey, a plan is given of the 
Royal Observatory at Greenwich, in which I find the distance from the octagon 
room to the centre of the transit, and the angle it. forms with the meridian, to 
agree as nearly as possible with t^e measurement given tame by the Astrono* 
mer Royal. 


jC^gford Station from the Royal Observatory, 67737>63 fe^ 

L* 1.1 .... ", 

■HIBIIIII 

, Otswriil AnglsiH 

S|p. EssSH' 

' ' Cbkii* 

- >? -■ 

Dlilsiiesc 
• Fisl. 

Centre ofTnasit 

ChiDgfordi.j8tl!tion 

Royal Obsemtory 

1^ 

i 

. . •4e«' 

Asl8ll6 

V 0 0 llJl 
tS4 ft M.!* 

^847^ 'i: ‘ 


1 

, •* i *.,V 

. .*.1 - tvt'." . . 






















^Bti 




7;W 


00^M^ 


\ - 'Vi! ‘li [,'•, ’ \ , , 

X':. ,‘‘: “‘v 


mm%^ 

V *>' ;•« w ’’' 'Jr%f‘^* ;*'^1 
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With the distance 63489.32 feet, of Chingford Stadon from Sevemdroog 
Castle, the distance 67847.66 feet, from Chingford Station to the centre of the 
transit, and tlie contained angle 12° 46' 13".96, we obtain the angles and 
distance given in the following triangle. 



Obiemd Anglei. 

SSI 

AngleR for Calcu- 
hUon. 

DInuuNi. 

Severndrooff Castle 


H 

61 3 9-56 
106 10 36.48 

10 46 13.95 


Centre of Iransit 



Chingford Station 


Bn 


The distance pven by General Roy from the centre of the 


transit to his station on Sevemdroog, is 

Add for difference of stations 

Add to convert into Imperial feet 

. 14610.58 feet. 

0.62 

l.Ol 

General Roy's distance in Imperial feet 

Distance above given 

. 14612.21 
. 14612.73 

Difference . . 

0,52 


Leith Hill Station from Wrotham Station, 158844.37 feet. 

, 

Obienrad Angloi. 


Angle* fbr Ctlcu- 
lation. 

Distances. 

Feet. 

CrowhoroQgh Station 

Uth Hill Station 

WroUimn StaUon 

sV i itoi 

S8 5$ M.9S 

69 S7 S1.13 

H 

6 14.38 

38 56 55.85 

53 57 50.43 

188615.86 

99988.55 


180 0 8.09 

8.03 



Wrotham Station from Crowborough Station, 99982.65 feet. 

■ - ■■■ - - ■■■ ■ ■■■ . . ..t .« 

Slade HinSwiaB 

CfowboroiM^ Sutioil * 

WfoilisaiSMiiid...; 

44 4 i&tB 

41 58 tR84: 

98 16 49A4 

B9 

44 44 5f.73 

41 88 1944 

95 16 4645 

141790.75 

94980.95 


ISO 0 3.31 

8.84 1 
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Hill Station from Crowborough Station, 141790.75 feet. 



Observed Angles. 


Angles for Calcu- 
lation. 

Distances. 

Feet. 

I'nirlight Station 

Stedo Hill Station 

Crowborough Station 

fin 2 .'{ii.Ba 

5.3 1.3 24..3.3 

61 44 .3.69 


^5 2 .34.54 

53 13 23.05 

61 44 2.41^ 

137745.52 

125267.46 



3.70 



Steele Iliil Station from Fairlight Station, 137745.52 feet. 

Toisford Station 

rnirligbt Station 

Stodc Hill Station 

h '7 .3H.69 

4:1 27 54.39 

65 24 11.67 


89 7 67.10 

4.5 27 52.81 

60 24 10.09 

1340.38.00 

105080.02 


180 0 4.75 

.3.11 



Wrotliaiii Station from Crowborough Station, 99982.55 feet. 

I'airliglit Station 

Wrotliani Station 

Crowborough Station 

33 '6 3''l.28 

43 1 1 8.H3 

103 42 24.66 

H 

33 6 29.69 

4.3 11 7.27 

103 42 23.04 

177831.03 

125267.87 


IHO 0 4.77 

2.87 



( 'rowboroiigli Station from Fairlight Station, 1252C7.87 feet. 

Sti-do Hill Station 

Crowborough Station 

Fairlight Station 

53 1,3 24.33 

61 44 3.69 

65 2 35.S3 


53 13 23.05 

61 44 2.41 

65 2 34.54 

141791.20 

137745.95 


180 0 3.85 

3.70 

• 



Stodo Hill Station from Fairlight Station, U57745.95 feet. 


Tiilslbrd Station 

Stedo Hill Station 

Fairlight Station 

^9 7 58.69 

65 24 11.67 

45 27 54.39 


7 57.10 

65 S4 10.09 

46 27 52.81 

105080.86 ' 
134038.43 



3.11 
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Wrotham Station from Stede Hill Station, 94980.95 feet. 



IB99 

Aiiglf* for CaU-u- 
luiiiiii. 

Distniicos. 

Fivt. 

Fairlight Station 

Wrotham Station . . ; 

Stede Hill Station 

;n 56 '2.49 

50 5 40.62 

97 58 17.13 


.11 56 l>.41 

50 .*> 40..>l 

97 58 17.05 

177832.66 

1.17747.27 



.1.06 



1 Stede Hill Station from Fairlight Station, 1377*17.27 feet. 

Tolsford Station 

Stfde Hill Station 

Fairlight Station 

69 7 58.69 

6:1 24 11. G7 

45 27 54..‘t9 


^9 7 57.10 

65 24 10.09 

45 27 5'i.«l 

1050H1..16 

1340.19.68 


■lIBi 

.1.11 




The preceding* triangles give three distances from Tolsford to Fairliglil, 
derived from the three sides of the triangle; Stede Hill, Wrotham, Crow- 

borongh, — vizr. 134038.00 feet. 

134038.43 

134039.68 


^leaii .... 134038.70 


Mean distance Tolsford Station from Fairlight Station, 13 1038.70 feet. 


CrowboTough Station 36 6 24.01 

Tolsford Station 33 24 6.89 

Fairlight Station f. 1 10 30 29.88 


180 0 0.78 



Angles for Calcu> 
lation. 

Dixtiincvs. 

Fi-i-t. 

36 5 23.75 

33 24 6.G3 

no 30 29.62 

21.112.'!. 7.1 

125267.72 


Mean distance Stede Hill Station from Tolsford Station, 105080.58 feet. 


Crowborough Staton. ..... ' 

Stede Hill Station 

25 38 39.85 
118 37 .36.34 

TolafordBtation 

35 43 50.48 



25 38 3^.62 
118 37 34.12 
35 43 48.26 


141791.16 

213127.05 


3.09 
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Mean distance Tolsford Station from Fairligbt Station, 134038.70 feet. 


AnglttlbrCakii- 

4Uod. 


Folkstone Station 
Tolsford Station . . 
FairJight Station . . 


3^ 17 57.06 
136 51 46.61 
6 50 16.94 


180 0 0.61 



Folkstone Station from FairUght Station, 154811.39 feet. 


Dungeneu Lig[lit-Houie 
Folkstone Station 



136 55 «.46 


21 14 49.11 

84298.42 

21 50 5.43 

82185.35 


The following triangles connect our work with the stations’ on ihe French coast. 


Tolsford Station from Fairlight Station, 134©38.-70"feet.“ 


Montlambert Station . 
Tolsford Station . . . . « 
Fairlight Station 


32 53 2.05 
95 48 2.05 
51 19 1.68 


AaglMfor Calctt-' 
Ution. 

Diitsncn. 

Fest. 

32 53 0.13 

95 48 0.12 

51 18 59.75 

192717.35 

245616.17 


180 0 5.78 


Fairlight Station from Montlambert Station, 245616.17 feet. 


Blancncz Station 75 56 24.49 

Fairlight Station 17 39 26.36 

Montlambert Station 86 24 lU9t 


180 0 2.76 



Tolsford Station from Montlambert Station, 192717.35 feet. 


Blancncz Station iSs 42 6.81 

Tolsfbrd Station 22 46 47.48 

Montlambert Station 53 6l * 9*25 


180 0 2.54 
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Tolsford Station from Fairliglit Station, 134038.70 feet. 


Obsemd Angles. Sp. Esc«m. 


DiBtancoii. 


Blancnez Station 
Tolsford Station . 
Fairlight Station., 


87 45 39.99 
118 34 48.97 
33 39 35.99 



87 45 38.34 
118 34 47.38 
33 39 34.34 


^180 0 . 4.95 4.44 


Tolsford Station from Blancnez Station, 1 59500. 18 feet. 



Montlambert Station 

63 31 9.25 

Tolsford Station 

Si 46 47.48 

Blancnes Station 

103 4S fi.81 



53 31 ''h.40 
89 46 46.64 
103 48 4.96 


19272.''».04 

76806.43 


Fairlight from Blancnez Station, 252708.40 feet. 


Montlambert Station 86 84 1I.9I 

Fairlight Station 17 39 96.36 

Blanonea Station 75 56 24.49 


180 0 2.76 4.45 


86 94 10.99 
17 39 2.'i.44 
75 56 23.57 


245G21..'iO 

76802.60 


Folkstone Station from Fwrlight Station, 154811.39 feet. 


Montlambert Station . . 
Folkitono Stetion. 
Fairlight Sution 



& 44 51.99 
. 96 46 94.83 

173300.64 

44 98 43.95 

S45618.40 


180 0 4.48 6.29 


Fairlight Station from Montlambert Station, 245618.40 feet. 



fk k is^7 

17 3$ iSM 

9B70S.S8 

86 84 10.99 

76801.69 


180 0 2.76 4.45 


MDCCCXXVUI. 


































170 


CAPrAiN KATER ON THE DIFFERENCE OF 


Folkstone Station from Montlambert Station^ 173300.64 feet. 



Observed Angles. 


Angles for Calcu- 
lation. 

Distances. 

Feet. 

Blancnez Station 

Folkstone Station 

Montlambert Station 

107 18 55.90 

S5 1 46.69 

47 39 18.49 

H 

197 18 55.54 

25 1 46.33 

47 39 18.13 

134167.37 

76801.57 


180 0 1.08 

2.32 



Folkstone Station from Fairlight Station, 154811.39 feet. 

Blancnez Station 

Folkstone Station 

Fairlight Station 

31 h 31.13 

48 13..5.5 

49 18.67 

■ 

31 22 3b.02 

121 48 12.43 

26 49 17.55 

134168.12 

252705.93 


180 0 .3.35 

.4.17 



Folkstone Station from Dlancnez Station, 134168.12 feet. 

Montlambart Station 

Folkstone Station 

Blancnez Station 

47 39 18.49 

25 1 46.69 
107 18 55.90 



47 39 18.13 

25 1 46.33 
107 18 55.54 

173301.60 

76802.00 


180 0 1.08 

2.32 




Fairlight Station from Blancnez Station, 252705.93 feet. 


Montlambert Station 

Fairlight Station 

86 24 11.91 

17 39 26.36 

75 56 24.49 


86 24 fO .99 

17 39 25.44 

75 56 23.57 

245619.11 

76801.82 

lllancTiez Station 

MM 


180 0 2.76 

4.45 




'i\> show the degree of reliance that may be placed upon the trianglee con- 
necting the coasts of England arid FrOincei, 1 shall here give the distances 
resulting from different triangles, derived respectively from the distance Tols- 
ford from Fairlight, and the distance Folkstone from Fairlight. 
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By Tolsford from B 
Fairlight. 

Fairlig;ht from Montlambert .... 245616.17 . . . . 

246621.50 . . . . 

Mean 245618.88 .... 

Fairlight from Blancncz 252/02.93 . . . . 

252708.40 . . . . 

Mean 252705.66 . . . . 

Tolsford from Montlambert .... 192717.35 

192725.04 

Mean 192721.19 


Tolsford from Blancnez 159493.81 

159500.18 

Mean 1.59496.99 

Folkstone from Montlambert 


Mean 


Folkstone from Blancnez 


Mean 


Blancnez from Monj^lambert ... 76800.92 . . . . 

76803.37 . . . . 
76806.43 .... 
7 ^ 2.60 . . . . 

" Mean 768^^ .... 

z2 


j FolIcKtone from 
Fairliglit. 

Foet. 

245618.40 

245619.11 

21.5618.75 


252705.23 

252705.93 

252705.58 


173300.64 

173301.60 

173301.12 


134167.37 

134168.12 

13416774 

76801.62 

76801.57 

76802.00 

76801.82 

76801.75 



172 CAPTAIN KATER ON THE DIFFERENCE OP 


Mean distance Folkstone Station from Blancnez Station, 13416774 feet. 


Obtiemtd Angles. 

9p. Ezens. 

Anf let for Calcu- 
lation. 

Distuices. 

Feet 

Dover Station 

Folkstone Station 

Uluncnez Station 

O . >/ 

50 37 50.23 

12 3 53.88 


117 I's 1'6.41 

50 37 49.97 

IS 3 53.62 

31560.06 

116726.89 



0.77 



Mean distance Folkstone Station from Blancnez Station, 134167.74 feet. 

NAtre Dame, Calais 

Folkstone Station 

Blancnez Station 

0 • u 

9 SI 1S.50 
131 5G 40.50 


38 42 1.54 

9 21 18.23 

131 56 40.23 

159605.30 

34880.94 



0.82 




With the sides “ Folkstone to Ndtre Daine^ Calais,** Folkstone to Dover,** 
and the included angle 41® 16' 30".7, the remaining angles and the distance 
of Dover Station from N6tre Dame, Calais, were computed. Also by means of 
the sides Blancncss to Dover,** Bhincnez to Calais,** and the included angle 
119® 52' 50".32, we obtain another distance from Dover to NfitreDame, Calais. 
TJiesc results arc contained in the two following triangles ; 


Folkstone Station from Nfltrc Dame, Calais, 159605.30 feet. 



Angles for Ctlcu- 
- Jatfmt 

Distances. 

Feet 

O ' i ’ M' 

8 42 38.35 

At l.e 30.44 
130 0 51.21 

137471.95 


Dover Station from Blancncz Station, 11(^26.89 feet. 


Ndtrc Dame, Calaii 
Blancnea Station. . . . 
Dover Station 



0.83 
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Attwo of the angles were observed in the triangle Fiennes, Montlaiiibert, 
and Blanenez," and as an opportunity occurred at Tolsford of obtaining the 
angle between Fiennes and Montlainbert, 1 have added tlic following triangles 
connecting these stations : 


Mean distance Montlambert from Blancnez, 76802.54 feet. 

*- 

OlMMirvad Angle*. 

Sp. Eteen. 

Angle* fur Calcu- 
lation, 

Distances. 

Fiennes 

O i M 


94 lb 48.60 

34 27 39.62 

51 21 31.78 

60148..31 

43674.27 

Montlambert 

Blancnez 

34 S7 39.83 

61 21 31.99 

Hj 



0.62 



Mean distance Montlambert from Tolsford 192721.19 feet. 

Fiftnfiez 

0 < !, 


■tiiil 

60148.74 

199866.18 

Montlambert 

Tolsford 

87 68 48.81 

17 30 16.75 




2.72 




With the sides “Blancnez from Ndtre Dame, Calais,” ’ Blancnez from 
Fiennes,” and the contained angle, we obtain the distance from Fiennes to 
N6tre Dame^ Calais. 


Fiennes from Blancnez, 43574.27 feet. 

1 ^ 


Obierred Angles. 

Excoss. 

Angles for Calcu- 
lation. 

Distances. 

Foot. 

, Ndtre Dame, Cnlaii 

O t M 


64 24 14.39 

46 12 62.27 

69 22 63.34 

45221.01 



Blancnez '. 

€9 22 53.45 


i 


0.34 




' As we diongl^t it t«. compare General Roy’s operations with our 

were erected opo^J^ stations on Ten^en, Frant, Goudhur8t and 
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Lydd steeples ; but of these wc were able to connect only Front and Tenterden 
with our work. The results are as follow : 


Tolsford from Fairlight, 134038-70 feet. 


Obnenred Anglos. 

Sp. Excew. 

Angles for Cslcu- 
Ixtion, 

Disuinces. 

Feet. 

Tenterden Church 

Tolsford 

Fairlight 

O t u 

29 fiS 10.86 

39 19 32.64 

HB 

no 42 17.46 

29 58 10.38 

39 19 32.16 

90809.26 

71580.75 



1.44 



Fairlight from Crowborough, 125267.72 feet. 

Front Church 

Fairlight 

Crowborough 

O , u 

13 44 20.24 

61 31 22.38 

BB 

104 44 1^.92 

13 44 19.97 

61 31 22.11 

113857.34 

30762.92 



0.80 




In a former part of this paper I have mentioned that General Roy’s station 
at Folkstone was discovered at the distance of three feet to the North-west of 
the new station ; the angle between his station at Folkstone and our station 
at Fairlight being 80® 13'. 

At Fairlight, General Roy’s^ station was 87-69 feet to the South-east ; the angle 
between his station and Folkstone being 89® 14' 31". The relative positions 
of the several stations will be better understood from the following diagram. 



in which II and 11 designate General Roy’s stations, and S and S those of the 
present operations. From these data the computed distance between General 
Roy's stations at Fairlight and Folkstone is 154807-00 feet. 

Wc have now several distances which we may compare with those given by 
General llov. 
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The distance from Prant Church to Fiurlight is stated by General Rov to he 
1 13928.20 feet. Now if we suppose the distance from’ Frant to Fairlight to be 
prolonged, we have the angle between this prolongation and General Roy's 
station 12® 60* 66" ; and multiplying 87.69 feet, the distance from the new 
station to thatof General Rov, by the coane of this angle, we obtain 85.48 feet 
to be subtracted from Generai Roy’s distance, to reduce it to the new station. 
The distance thus obttuned is 113842.72 feet. 

In like manner, multiplying 87.69 feet by the cosine of 44® 36' 4I''.76, (tlie 
angle between General Roy’s station and the proiongation of the (listaiiee 
from Tenterden Churcii,) we obtiun 62.44 feet ; which being sulitiaetwl from 
71634.73 feet, the distance from Gmieral Roy’s station to Tenterden, will give 
71572.29 feet, according to Gcnend Roy, for the distance from Tenteivlen to 
the new station, without sensible error. Tlie following diagram may serve to 
render this more intelligible. 



General Rov tUd not obtain directly the distance between his stations at 
Folkstone and Fairlight; but by using' the distances Poddlesworth to Folk- 
Jhtddlttwortb to Faiidi^ and the included angle 117* 48' 42".66, 
we dra epabled to eoi^ tiiis omiesion : and we thus obtain 164792XH) feet 
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for General Roy’s distance from Fairligfat to Folkstone.~We have also the , 
distance from Dover Castle station to Ndtre Dame, Cfdais, according to 
General Ror, '137449.90 fbet 

Lastly, Hie (Rstance from’^dtre Dame, Calais, to Fiennes is given by General 
Rot, using his own observatians, and the angtes observed by the Flencb : this 
distance is stated to be 46S19;60 feet 

Converting General Bov’s distances into Imperial feet in the mannerfrnnerly 
stated, we have the folloiring results : 


From 

(hJrit». 

By the present 
Operstionii. 

DUftmnot. 

Fairlight to Front 

1I38MA9 

nsiiM 

1S480S.70 

137459.40 

45gSS.7S 

113^.84 

71580.75 

154807^)0 

137471.99 

45831.01 

Foot. 

6.76 

3.51 

4.30 

1.71 

Fairlight to Tenterden 

Fairlight to Folkstone 

Dover to N6tre Dame, Calais. . 
Ndtre Dame, Calais, to Fiennes 


Section th» {^stances from the meriMcm, and from the perpendicular to 

the meridian, <f Greenwich. 

It has been mentioned that the station at Chingford was the spot where the 
temporary meriiRan mark v^as erected. This bring removed, a staff was pot 
up in its place, haring a triangular board frstened to it, the base of which was 
parallel to the horizon, and the vertex coinriding with the staff. 

As it was highly important to ascertain with the greatest precision the 
situation of this staff with respect to the meridian of Choenwich, Mr. Garonkr 
went to the Royal Observatory, in ordrir to observe H with the transit instru- 
ment. He found that the ndddle vrire of the transit appeared to touch one of 
the angles at the base of the triangular board, and that the vertex was to the 
West of the meridian. ’The angular distance the meridian to the staff 
was then measured by means of the micrometer of the tranrit instrument, and 
found to be thirty-seven diririons of the micrometer, mr 6".16, &c. 

By means of the roughly computed distance from the Bioighl Observatory to 
Chingford, and its angle with the meridian, the distance ot the statiofi turn 
the meriihan of Greenwich was found to be 30 inriiMt and the base (ff tie 
triangular board proved on measurement to be exaCtiy double that quantity.. 
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, When the theodolite was put up at Chingford, the distanee of twenty inches 
was measured to the eastward from the line joining the Station and the Royal 
Observatory, and an Argand's lamp was placed upon this spot, the position of 
which I requested the Astronomer Royal to observe. In the (rreenwieli obser- 
vations for 1822 I find accordingly, under November ir)th, the following 
i*emark : — “ Observed Captain Katkh’s light apparently al>oiit the thickness 
of the wire to the west of the meridian.” This affords, it is ]>resnmed, a 
sufficient proof that the direction of the station at C’hingford, with respect 
to the meridian of Greenwich, has been accurately determiiu*d. 

If we suppose a parallel to the meridian of (ireenwieh and to its perpen- 
dicular to be drawn through each station contained in tin* left-hand (‘olniiin 
of the following Table, we have the bearings and the distances of tlu* other 
stations from such parallels, calculated by means of a right-angled plane 
triangle, the hypothenusc and one of the angles of whit‘]i are given t<» find the 
two other sides : or, let K be the distanee betw(*en tlie given stations ; INI, the 
distance from the parallel to the pci*pemlieiilar ; F, the distanee from the 
parallel to the meridian; and 6 , the bearing or angle with the paralh‘l to the 
meridian. Then, M = K.cos^, and P ~ K.sin^. 


Table I. 


Stations. 

Obji.>LK, 

Bearing*. 

- 

Distanee from ii pa- 
rallei to ihriin-riiiiui) 
of Green wicli. 

P. 

Feet. 

Disliiiit e fioin a |ia 
i.'illil to tile pi ipi II 
liieiilar lo tlie iiieii- 
liiun of Gill iivs nil. 

M. 

Transit Royal Obs. 

Chingford 

8 6 C .17 N.w. 

1.73 W. 

57817.66 N. 


Suvernuroog ...... 

73 49 39 .C 9 S.E. 

14034.28 E. 

4070 . 7 S. 

Chingford 

Transit Royal Obs. . . 

0 0 6.17 S.E. 

1.73 E. 

57847.66 


St. Paul’s 

26 14 15.S3 S.W. 

22036.04 W. 

447 O 8 .MO S. 


Westminster Abbey 

;10 5 49.H4 S.W. 

28908.97 W. 

49«76.27 S. 


Severndroog 

12 46 20.12 S.W. 

14035.98 K. 

61 918.36 S. 


VVrothara 

29 21 22.12 S.E. 

65,'> 15.51 E. 

116479.69 S. 

Severodroog .... 

Chingford 

12 46 20.12 N.W. 

14035.98 W. 

6l9l8.;i6 N. 


WroUiam 

43 20 C..'i4 S.E. 

51479.06 E. 

54561.77 S. 


Leith Hill 

43 6 61.03 S.W. 

98900.80 W. 

105703.32 S. 


Hanger Hill 

75 43 4,'>.34 N.W. 

81779.1 9 W. 

20800.79 N. 


Westminster Abbey 

74 20 11.76 N.W. 

42944.95 W. 

12041.68 N. 


St. Paul’s 

64 29 39.H3 N.W. 

36072.20 W. 

17209.88 N. 

Leith Hill 

Severndroog 

43 5 51.03 N.E. 

98906.80 E. 

105703.32 N. 


Wrotham 

71 13 6.61 N.E. 

1 150386.41 E. 

51141.52 N. 


Crowborough 

69 49 58.14 S.E. 

1 120729.94 £. 

44341.48 S. 


Hanger HiU 

7 42 .37.H1 N.E. 

17127.63 R. 

126504.06 N. 


Westminster Abbey 

25 25 14.03 N.E. 

55961.13 E. 

117744.81 N. 


St. Paul’s 

27 4 36.84 N.E. 

1 62835.06 E. 

12291 L 6 o N. 


2 A 


MDCCCXXVIIf. 
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Table I. (Continued.) 


Stations. 

Objects. 

Bearings. 

Distance from a pa- 
rallel to the mei idiiit 
of Greenwich. 

P. 

Feet. 

Distuiu'e from a pa- 
rallel to the perpen- 
(lii'ulnr to the mcri- 
iliau of (Greenwich. 
M. 

Feet. 

Wriiflinm , _ , , - - - 

Leith Hill 

71 13 6.61 S.W. 

150386.41 W. 

51141.52 S. 


Severndrong 

43 20 6.54 N.W. 

61479 .CG W. 

54561.77 N. 


Chingford 

29 21 22.12 N.W\ 

65515.51 W. 

116479.69 N. 


Stede Hill 

76 1 32.25 S.E. 

92169.87 E. 

22936.75 S. 


Crowborougli 

17 16 16.18 S.W. 

29656.47 w. 

95483.00 S. 

Crowborougli . . . 

Wrotham 

17 15 16.18 N.E. 

29656.47 E. 

95483.00 N. 


Stede Hill 

69 13 36.02 N.E. 

121826.34 £. 

72546.24 N. 


Frant 

59 26 16.32 N.E. 

26489.28 E. 

15642.10 N. 


Tolsford 

84 52 13.64 N.E. 

212272.83 E. 

19055.17 N. 


Fairliglit 

69 2 21.67 S.E. 

107419.64 E. 

64443.95 S. 


Leith Hill 

69 49 68.14 N.W. 

120729.94 w. 

44341.48 N. 

Stede Hill 

Crowhorough 

69 13 36.02 S.W. 

121826.34 W. 

72.546.24 S. 


Wrotham. 

76 1 32.25 N.W. 

92169.87 W. 

22936.75 N. 


Tolsford 

69 23 57.12 S.E. 

90446.52 E. 

5 . 3491.64 S. 


Fairliglit 

6 0 12.97 S.W. 

14407.05 

136991.06 S. 

Fuirliglit 

Stede Hill 

6 0 12.97 N.E. 

14407.05 It). 

136991.06 N. 


Tenterden 

12 8 33.62 N.E. 

16056.77 E. 

69979.29 N. 


Tolsford 

51 28 5.78 N.E. 

104853.53 £. 

83499.12 N. 


Folkstone 

68 18 22.52 N.E. 

131724.15 £. 

81334.62 N. 


Duiigcness Lt. House 

80 8 28.69 

80922.34 E. 

14063.10 N. 


Hliincncz 

85 7 40.07 N.E. 

251792.52 E. 

21463.18 N. 


Moiithimbert 

77 12 54.49 S.E. 

2 . 39529.39 E. 

5435.3.08 S. 


Crowborougli 

59 2 21.57 N.W. 

107419.64 W. 

64443.95 N. 


Frant 

45 18 1.60 N.W. 

80930.37 W. 

80086.04 N. 

Tolsford 

Fuirlight 

51 28 .'».78 S.W. 

10485.3.53 W. 

83499.12 S. 


Tenterden 

81 26 16.16 S.W. 

89797.20 w. 

13519.92 S. 


Crowborougli 

84 52 12.41 S.W. 

212272.68 W. 

19056.45 S. 


Stede Hill 

59 23 57.12 N.W. 

90416.52 W. 

53491.64 N. 


Folkstone 

85 23 40.63 S.E. 

26870.59 E. 

2164.49 S. 


Hlancncz 

67 6 41.54 S.E. 

146938.81 E. 

62034.50 S. 


Fiennes 

61 .50 9 . 1 8 S.E. 

176192.20 E. 

94.3.31.42 S. 


(Montlambcrt 

44 19 54.31 S.E. 

134672.78 £. 

137854.54 S. 

Folkstone 

Tolsford 

85 23 40.6.3 N.W. 

26870.59 W. 

2164.49 N. 


Dover 

65 52 20.12 N.E. 

28802.86 £. 

12900.88 N. 


Notre Dame, Calais 

72 61 8.14 S.E. 

152510.49 £. 

47037.49 s. 


Blancnez 

63 29 49.91 S.E. 

120068.38 E. 

59871.23 S. 


Montlambert 

38 28 2.31 S.E. 

! 107805.05 E. 

135688.40 S. 


Dungeness Lt. House 

37 3 3.3,04 S.W. 

50801.68 W. 

67271.43 S. 


Fairliglit 

68 18 22.62 S.W. 

131724.15 W. 

813.34.62 S. 

Montlambcrt .... 

Fuirlight 

77 12 54.49 N.W. 

239529.39 W. 

54353.08 N. 


Tolsford 

44 19 54.34 N.W. 

134672.78 W. 

1.37854.54 N. 


Folkstone 

38 28 2.57 N.W. 

107805.22 W. 

1.3.5688.28 N. 


Blancncz *. . 

9 11 15.56 N.E. 

12262.95 E. 

75817.22 N. 


Fiennes 

43 38 55.18 N.E. 

41516.43 E. 

43522.48 N. 

Blancncz 

Montlambcrt 

9 11 16.50 S.W. 

12263.29 w. 

75817.15 S. 


Fairlight 

85 7 40.07 S.W. 

261792.52 W. 

21463.18 S. 


Tolsford 

67 6 41.59 N.W. 

146938.81 W. 

62034.50 N. 


Folkstone 

63 29 49.91 N.W. 

120068.38 W. 

69871.23 N. 


Dover 

51 25 66.29 N.W. 

91265.60 W. 

72772.10 N. 


Notre Dame, Calais 

68 26 50.32 N.E. 

32442.07 E. 

1281.3.75 N. 


Fiennes 

42 10 16.34 S.E. 

29253.50 £. 

32294.72 S. 
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From the preceding Table the following is derived, containing the distances 
from the meridian of Greenwich and from its perpendicular. 

Tahle II. 


Stations. 

Disiance rnun the mo-l 
ritlian of GiCLMUvich. i 

Feot. 

Distniu'i' from tlio per. 
pL-ti(iu‘iiIiir li> ihi* iiiou- 
1 liian of (iriviiMicIi, 
Feet. 

Chingford 

1.7:* 

W. 

57847.66 

N. 

Severndroog Castle 

14034.’rt 

E. 

4070.72 

S. 

Suverndroog Castle 

1403*.2.'i 

E. 

4070.70 

s. 

St. Paul’s 

220 : 17.77 

W. 

131:18.86 

N. 

Westminster Abbey 

28910.70 

w. 

797l.:i9 

N. 

Wrotham 

6.5.51 :*.7S 

E. 

.58632.03 

S. 

Wrotham 

65.51.3.92 

E. 

58632.48 

s. 

Hanger Hill Tower 

67744 . 9:1 

W. 

16730.08 

N. 

Wcstniinster Abbey 

28910.69 

W. 

7970.97 

N. 

St. Paul’s 

220 : 17.94 

W. 

1 : 11 : 19.17 

N. 

Leith Hill 

84872.54 

W. 

10977’1.«:i 

S. 

Severndroog Tow'cr 

140.14.26 

E. 

4070.71 

s. 

Crowboroush 

;i5H.i7.40 

E. 

15111.5.51 

s. 

Hanger Hill Tower 

67744.91 

W. 

16730.03 

N. 

WesFrainster Abbey 

28911.41 

W. 

7970.78 

N. 

St. Paul’s 

220:17.48 

W. 

i:n:iH..57 

N. 

Leith Hill 

84K72..56 

w. 

10977 : 1.77 

S. 

Stedc Hill 

15768 : 1.72 

E. 

81569.00 

s. 

Crowborough 

.3.5K.57.:*S 

i:. 

15411.5.25 

s. 

Wrotham 

6551 : 1.86 

E. 

586.32.38 

s. 

Stede Hill 

1576h3.7:i 

E. 

81.569.14 

s. 

Frant Church 

62346.67 

E. 

1.38173.28 

s. 

Tolsford 

248130.22 

!■:. 

135060.21 

s. 

Fuirlight 

14.3277.03 

E. 

21K.559.:13 

s. 

Leith Hill 

84H72.5.5 

w. 

10977 : 1.90 

s. 

Crowborough 

35857.:i9 

E. 

1541 1.5.31 

s. 

Wrot4ara 

1 6551.3.86 

E. 

58632.32 

S. 1 

Tolsford 

1 2481.30.2.5 

E. 

1,35060.71 

s. 

Fuirlight 

1 14.3276.68 

E. 

218.560.13 

s. 

Stedc Hill 

157684.40 

E. 

81568.67 

s. 

Tcnterdcn Church 

158.3:14.12 

E. 

148.580.41 

s. 

Tolsford 

2481.30.88 

E. 

1 .35060.61 

s. 

Folkstono 

275001 . .50 

K. 

1 . 3722 . 5.11 

s. 

Dungencss Light House .... 

224199.23 

E. 

204496.55 

s. 

Blancnez 

395069.87 

E. 

197096.55 

s. 

Montlambert 

382806.74 

E. 

2729 12.81 

s. 

Crowborough 

35857.71 

E. 

1.54116.78 

s. 

Frant Church 

62.146.98 

£. 

1 : 18473.69 

s. 

Fairlight 

143276.92 

E. 

218.5.59.63 

s. 

Tenterden Church 

1583:1.3.25 

E. 

148.580.43 

s. 

Crowborough 

36857.77 

E. 

154116.96 

s. 

Stede Hill 

167683.93 

E. 

81.568.87 

s. 

Folkstone 

275001.04 

E. 

1.37225.00 

s. 

Blaocnes 

.396069.26 

E. 

197095.01 

s. 

Fiennes 

424322.66 

E. 

229591.93 

s. 


2 







180 


CAFFAIN KATEIl ON THE DIFFERENCE OF 


Table II. (Continued.) 


Stations. 

Distance frtmi the me- 
ridian of Oreoiiwich. 

Feet. 

Distance from the per- 
pendicular totliu meri- 
dian of GructiM’ich. 

Feet. 

Muntlambcrt 

38280.3.23 

E. 

272915.05 

S. 

Tolaford 

2481.30.68 

E. 

1.35060.56 

S. 

Dover Castle 

303804.1.3 

E. 

124324.17 

S. 

N6trc Dame, Calais 

427511.76 

E. 

184282.54 

s. 

Blancncz 

395069.65 

E. 

197096.28 

s. 

Moiitlambert 

382806.32 

E. 

272913.45 

s. 

Dungeness Light House .... 

224199.06 

E. 

204496.69 

s. 

Fuirlight 

143277.12 

E. 

2 185. '19.6 7 

s. 

Fairlight 

143276.04 

E. 

218.560.69 

s. 

Tolsiord 

248132.65 

E. 

135059.23 

8. 

Fulkstonc 

275000.21 

E. 

137225.49 

s. 

Rlancnez 

395068.38 

E. 

197096.55 

s. 

riennes 

424321.86 

E. 

229391.29 

s. 

Montlanibcrt 

382805.75 

E. 

272913.25 

s. 

Fuiriight 

143276.52 

E. 

218559.28 

s. 

Tolaford 

2481.30.48 

E. 

135061.60 

s. 

I'olksfone 

275000.91 

E. 

137224.87 

s. 

Dover Castle 

30380.3.54 

E. 

124.324.00 

s. 

Notre Dame, Calais 

427511.11 

E. 

1842K2..35 

s. 

Fiennes 

424.322.54 

E. 

229390.82 

s. 


'file following Table contains the distance of each Station from the meruliati 
and from the perpendicular to the meridian of (ireenwich, obtained by 
taking the mean of the distances given in the preceding Table. 


Table III. 


Stations. 

Distance from ihe^ me- 
ridian f>f Greenwich. 
Foct. 

Distance from tlie per- 
pendicular to tlie meri- 
dian of Greenwich. 
Feet. 

Wcstniiiister Abbey 

28910.93 

W. 

7971.05 

N. 

8t. Paul's 

220.37.7.3 

W. 

13138.87 

N. 

Hanger Hill Tower 

67744.92 

w. 

16730.05 

N. 

Chingford 

Centre of Transit, Royal Obs. 

1.73 

w. 

57847.66 

N. 

Soverndroog Castle 

14034.26 

E. 

4070.71 

S. 

Wrotliam 

6.551.3.85 

£. 

58632.80 

S. 

Stede Hill 

157683.94 

E. 

81568.92 

s. 

Leith Hill 

84872.55 

W. 

109773.90 

s. 

Dover Castle 

30380.3.8.3 

E. 

124324.08 

s. 

Tolsford 

248130.86 

E. 

135060.49 

s. 

Folkstone 

275000.91 

£. 

137225.12 

s. 

Frant Church 

62346.83 

E. 

138473.48 

s. 

Tentorden Church 

158333.68 

E. 

148580.4.3 

s. 

Crowboruugh 

35857.53 

£. 

154115.76 

s. 

Notre Dame, Calais 

427511.43 

£. 

184282.44 

s. 

lllancnez .... 

395069.29 

E. 

197096.10 

s. 

Dungeness Light House. . . . 

224199.14 

E. 

204496.62 

s. 

Fairlight 

143276.72 

E. 

218559.79 

s. 

Fiennes , 

424322.35 

E. 

229391.35 

s. 

Muntlambert 

32805.518 

E. 

272913.64 

s. 
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Section 5, — Of the latitudes and longitudes of the Stations, 

If the earth were a sphere of known diameter, the latitude and longitude of 
any point upon its surface might readily be calculated by spherical trigo- 
nometry. But the earth being an ellipsoid, other methods of computation 
involving the eccentricity become necessary. This subject has engaged the 
attention of the most eminent mathematicians, and various formulae have l)eeii 
given for the purpose of facilitating such computations. These, though e(|ual 
in accuracy, differ much in practical convenience ; and by far the most manage- 
able that I have met with, and of which I shall avail myself on the present 
occasion, are to be found in a memoir by Oriani, but little known 1 believe in 
England, which he published at Milan in 1826, under the title of “ Opuseuli 
Astronomic! 


Let u, be the semi-major axis of the earth, = 3962.439 miles. 


b, the semi-minor axis. 

e, the eccentricity of the earth ss 



M, the distance in feet from the perpendicular to the meridian at Green- 
wich. 


P, the distance in feet from the meridian of Greenwich. 
- M 
6 sin 1"* 



L, the latitude of Greenwich. 

\ the latitude of the foot of the perpendicular let fall from the given 
station on the meridian of Greenwich, 
p, the required latitude of the jpven station, 
tt, the required longitude of the given station. 

Then I) X = L ± m [l - ± f )] 

II) 4 = j> (1 - c’ sin’ X) 

III) an f SB sin X cos 

IV) jcos’x) 


1 am indebted for my knowledge of this work to the valuable journal of Baron Each. 
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111 computing the eccentricity I have supposed the compression to be 
and I have assumed this (wliich perhaps for our portion of the meridian may 
not be very far from the truth), because it is nearly the mean between ytu and 
iJo, the limits between which I believe the ellipticity is generally supposed to 
be comprised. 


Table of Latitudes and Longitudes. 


Stations. 

Latitude. 

Longitude. 

Longitude in 
Time. 

Chingford Stntion 

Hanger Hill 'I’ower. ....... 

St. Paul's (Cross) 

Westminster Abbey (north- 1 

west Pinnacle) / 

Centre of Transit, Royal Ob- 1 

servatory / 

Severndroog Castle 

Wrotham Station 

Stede Hill Station 

Leith Hill Station 

Dover Castle Station 

Tolsford Station 

prant Church 

Folkstone Station 

Tcnterdcn Church 

Crowborough Station 

Church of Notre Dame, Calais 

Rlancncz Station 

Dungencss Ught House. . . . 

Fairlight Station 

Fiennes Station 

Monliuaibcrt Station ...... 

o / // 

rii .18 9.59 

51 31 ^<^.65 

51 30 48.42 

51 29 67.34 

51 28 38.96 

51 27 58.74 

51 18 69..15 

51 15 7.00 

51 10 34.00 

51 7 45.59 

51 6 8.6.5 

51 5 51.82 

51 5 43.18 

51 4 5.95 

51 3 18.30 

.■•0 57 27.95 

50 55 29.36 

50 54 47.00 

50 52 3G.88 

50 50 4.00 

50 43 4.41 

0 0 0 W. 

0 17 51.28 W. 

0 5 48.42 W. 

0 7 36.95 W. 

0 .1 41.64 £. 

0 17 11.33 E. 

0 41 18.86 £. 

0 22 12.01 W. 

1 19 23.45 E. 

1 4 48.19 

0 16 16.84 £. 

1 11 48.61 E. 

0 41 19.20 E. 

0 9 21.45 E. 

1 51 I8.73 E. 

1 42 47.45 E. 

0 .58 18.89 E. 

0 37 14.23 E. 

1 .50 11.41 E. 

1 39 9.62 E. 

m B 

1 11.42 

0 23.24 

0 30.46 

0 14.77 

1 8.7.5 

2 45.26 

1 28.80 

6 17.55 

4 23.21 

1 5.12 

4 47.24 

2 4,5.27 

0 37.43 

7 25.24 

6 51.16 

3 53.26 

2 28.91 

7 20.76 

6 36.64 


Si:vTioN (). — Ohscnjatio?hs of the pole, star for determining the direction of the 

meridian. 

The following is the manner in which observations of the pole star have 
l)een usually conducted. The greatest elongation of the star and the time of 
its giiiitcst elongation being computed, the theodolite was carefully levelled, 
so that tlu* bubble of the level remained stationaiy during a whole revolution 
of the insiruiuent. Then, at the time of the greatest elongation, General Roy 
states “the auj;lc which the star made with the” (referring) “ lamp being noted, 
the telescope removed, and the plane of the instrument being turned 180^ or half 
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, round, the telescope replaced and directed again to the star, the difference on 
the circle was found to be only IJ". The same method was universally ad- 
hered to, in all places where observations of tlie star were obtained.” 

General Mudge, in his account of the Trigonometrical JSurvi^y of Great Bri- 
tain, says : “ At the time of the greatest elongation, when the observer was 
satislied of the star being properly bisected, another person at the microscope 
bisected the dot.” “nic transit was then taken off, and the instrmu(‘ut being 
turned half round and the telescope replaced, the star was observed again. 
This precaution was taken to obviate the errora which might arist* from the 
arms of the instmment being out of tlic parallel with the plane of the circle, 
owing to any imperfections in the positions of the Y’s on which the transit 
rested. It was however seldom found that a greater differcMice suhsist(‘d 
between the readings of the opposite microscopes than wliat might bii sup- 
posed to be the consequence of a shake in tlie centre, or errors in division.” 

A little considcrcition will show that the method above described, ol ob- 
viating an error which might arise from the arms ol the telescope not b(*ing 
parallel to the plane of the circle, would not be successful except in the <*ase 
of the vertical axis being strictly perpendicular to the horizon ; but then, tin* 
error of the arms of tlie telescope or axis of the transit, (instantly di‘tected by 
reversing the level,) could not well escape notice. There is however another 
source of inaccuracy to which azimuths by the pole star arc liable, and whieb 
seems to have been wholly disregarded ; I allude to an error of this line ot eol- 
limation. The effect of this upon the azimuth in our latitude would be equal 
to about six tenths of the error of the line of collimation. This error may 
however be destroyed by inverting the telescope, or placing that end of the 
fixis which was to the east, to the west ; and taking a mean of the obser- 
vations of the star in both positions. 

It must be evident that in taking the greatest elongation of the pole star, 
the obseiwer is most inconveniently pressed for time ; for the iizimuth then 
varies about 1" in four minutes ; and besides this, should a passing ckiud 
obscure the star, the observation for that day is lost ; consequently by this 
method of proceeding, a long period is necessary before the direction of the 
meridian can be obtained. 

At Blancnez the weather was so tempestuous that the attempt to deduce 
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the direction of the meridian in the usual way appeared hopeless, and it . 
occurred to me that it would be a far preferable method to note the time at 
ttic moment of observing the star, and thence to calculate the azimuth. I 
was thus enabled to obtain as many observations as I thought convenient, 
choosing the time when the star was near its greatest elongation, and when 
consequently its motion in azimuth was the slowest. 

The method pursued was the following : — ^The instniment being very care- 
fully levelled, some terrestrial object was observed. Tlie telescope was then 
<lirected to the pole star, and the star being bisected and the time noted, the 
microscopes were read oft*. Several observations of the star having been thus 
made, the telescope was taken out of the Y’s and inverted, the end of the axis 
which was to the east being now turned towards the west, and sometimes, but 
not always, the circle was turned 180° or half round. Similar observations of 
the star were then miide with the telescope in this position, and lastly the ter- 
restrial object was again observed. 

To lessen the labour of computation, the mean of each two successive obser- 
vations was taken, and from the calculated azimuth of the star the reading at 
the meridian was deduced. The mean of such readings for each position of 
the telescope, compared with the reading of the observed terrestrial object, 
gave the apparent angle of this object with the meridian ; and lastly, the mean 
of the bearing thus obtained in each position of the telescope gave the true 
bearing. 

On the morning of the 2nd October, 1821, the first observations of the pole 
star were made at Jllancncz ; but it blew so violently, that from this, or from 
some other cause which I cannot discover, these observations, though agree- 
ing well among themselves, differ so widely from those made on the evening 
of the 3rd, under more favourable circumstances, that 1 have declined employ- 
ing them. 

I'lie object proposed, in observing the direction of the meridian at Crow- 
borough, Fairlight, Tolsford, and Blancnez, was to obtain the longitude of 
IManenez independently of any assumed ellipticity of the earth. Crow- 
borough ami Tolsford, and Fairlight and Blancnez are also respectively well 
situated for obtaining the length of a degree perpendicular to the meridian. It 
is well known, however, that a very small error in the observed direction of the 
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, meridian will produce an error of considerable magnitude in the lengtli of the 
perpendioidar degpree ;-*<*and we shall ultimately perceive that deductions of 
this kind from observations of the pole star, appear to be little, if at all, 
worthy of ooididence. 

It has, been dmnonstrated that the sum of the three angles upon a sphere 
and spheroid is so nearly equal, that tlie difference when the stations are 
nearly east and west is absolutely insensible. Having, then, the co-latitudes 
of. two stations^ with the observed angle at each, between the meridian and 
the other station, and consequently the sum of these angles, the difference of 
longitude or the angle at the pole is obtained by the following method : 

.As the tangent of half the sum of the co-latitudes is to the tangent of half 
their difference ; so is the tangent of half the sum of the observed angles, to 
the tangent of half their difference. 

The triangle is thus reduced to a spherical triangle, in which two angles 
aAd two sides are given to find the third angle. 

The deductions from the observations detailed in the Appendix are as 
follow : 


Crowborough and Fairlight: distance 12.'>267.72 feet. 


At Crowborough, the observed angle between the 
meridian and Fairlight 

At Fairlight, the observed angle between the me- 
ridian and Crowborough 

llie deduced spherical angle at Crowborough .... 

The deduced spherical angle at Fairlight 

The resulting difference of longitude 


1 121“ 4'68".36 

I 58 33 26 .14 

121 13 52 .60 
68 24 31 .90 
0 27 46 .67 


Crovborough and Toisford : distance 2131 16.30 feet. 

At Crowborough, the observed angle between the I (,.iorn< Q.»ac 

■ meridian and Tolstord ! | 84 69 34 .35 

At Tblsfbrd, the observed angle between the me- 1 it m .<• 

ridian and Crowborough 7 ^ 94 17 21 .56 

' Tlm dedwpedii|hrriflBtiwigteadCi«^^ .... 84 68 27 .84 


< Ihodadneed'qihariBBlangie at Tolsfotd 94 18 28.06 

Tlwjiesiiltiaf difiteeace cdko^tudie 0 55. 21 A9 

HDCCCXXVni. 2 B 
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Fuirlight and Blancnez : distance 252705.62 feet. 

At Fiiirlif^dit, the observed angle between the me-1 
ridian and Blancnez J 

At Blancnez, (:ird October,) the observed angle be- 1 oa n 

tween the meridian iind Fairlight J 

The deduced spherical angle at Fairlight 85 35 43 .07 

The deduced spherical angle at Blancnez 03 33 27 .77 

The resulting dilFerencc of longitude 1 5 29 


Adding together the longitude of Crowborough and the differences of lon- 
gitude obtained by means of the azimuths, we have between 


Greenwich and Crowborough 0® O' 2l".45 

Crowborough and Fairlight 0 27 46 .67 

Fairlight and Blancnez l 5 29 


Longitude of Blancnez 1 42 37 .12 

Differing 10".33 in defect, from the longitude found by employing as the 
compression. 


Section 7 . — Of the hmgth of the degi'ee upon a circle perpendicular to the 

meridian. 

I have already remarked that Crowborough and Tolsford, and Faiidight 
and Blancnez, were respectively very favourably situated for the determi- 
nation of the length of degrees pcipcndicular to the meridian at each of 
tiiese stations : I shall now proceed to state shortly the manner in which the 
computation wiis made. 

Having obtained by means of the azimuths the difference of longitude, we 
liave a right-angled spherical triangle, the base of which (the co-latitude of 
the given station,) and the angle at the pole, (the difference of longitude,) are 
given, to find the perpendicular. Having obtained this arc, we have next to 
compute the corresponding terrestrial peipendicular. This is effected by 
meai\s of a small triangle considered as spherical, in which we have the ter- 
restrial distiancc between the two stations '^ven, and by theanfs Of thh azi- 
muths two of the angles arc deduced, llie spherical excess being then com- 
puted, and one third subtracted from each of the two angles, the remaining 
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^ angle is obtained, and the length of the perpendicular arc in feet is calculated 
by plane trigonometry. 

Lastly, having the perpendicular in arc and also in feet, the number of feet 
(or fathoms) due to the degree is found by simple protwrtion. 

I shall give the angles of the small triangles used for obtaining the ter- 
restrial perpendicular, in order to facilitate any examination of the work. 


At Crowborough. 

At Toliiford. 

Crowborough 
Tolsford .... 
Remaining^ 

0 > " 

4 0 25.65 
85 42 38.44 

t.74 

4 0 25.40 
85 42 38.20 
90 16 56.40 

Tolsford .... 
Crowborough 
Remaining/ 

4 17 21.56 
84 59 34.35 

ii.80 

4 lir 21..3 
84 59 34.1 
90 43 4.6 


At Fairlight. 

At Blancnez. 

Fairlight .... 
Blancnez .... 
Remaining/ 

4 sa 20.27 
8(1 27 28.89 

1.15 

4 23 19.89 
86 27 28.51 
89 9 11.60 

Blancnez .... 
Fairlight .... 
Remaining/ 

3 .32 31.11 
85 36 39.73 

0.93 

.3 32 .30.80 
85 36 39.42 
90 50 49 . 7 ^ 


In the manner before explained, we obtain 
ITic perpendicular arc at Crowborough 34' 47".84 equal to *212532.00 feet. 

The perpendicular arc at Tolsford ... 34 45 .71 equal to 212329.60 feet, 

llie perpendicular arc at Fairlight ... 41 19 .32 equal to 252250.29 feet. 

The perpendicular arc at Blancnez . . 41 16 .77 equal to 251991.98 feet. 


The length of the degree perpendicular to the meridian 
at Crowborough 



fathoms. 


at Tolsford 


61081.3 fathoms. 


at Fairfight 61045 fathoms. 

at Blancnez 61045.3 fathoms. 


And taking the means of the latitudes of Crowborough and Tolsford, and of 
Fmrlight and Blancnez, and the means of the respective perpendicular degrees, 
we have 

The rpecpendicii^ degree in lat 51® 4', 43".47 = 01079.17 fathoms. 

and ip ^9 54 3 .12 s 61045.15 fitthoms. 

2b2 
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A moment’s examination is su$lci«nt to show that these resnlts an totally 
unworthy of credit ; and that the length of the perpendicular >dqpee above 
given, must be erroneous about one hundred (athoms. . . i > < > 

As very great care was bestowed in making the observations, it is important 
to detennine the degree of error in the azimuth, which would produce an ecror 
HO considerable, as that which is here indicated. 

If 2" be added to the azimuth at Crowborougb and to that at Tolsford, the 
resulting difference of longitude would be diminished 5", 14, and the length 
of the perpcndicufiu' degree would be increased 95 fathoms. 

Now an error of two seconds in azimuth may proceed from sudi a variety 
of sources, that it is scarcely possible to detect it. 1 think no one img imip iiBH 
with the great theodolite would venture to assert that the level and its adjust- 
ment comprising that of the Ya, can be depended upon to within two seconds 
of the truth, and an error of 2" in the level would affect the azimuth to the 
amount of about 2".3. Tliis error arising from the level, I have before ex- 
plained is not to be destroyed by turning the instrument half round ; and were 
there no other source of inaccuracy, I should consider this' alOne, as an in^r- 
mountable objection to the determination of azinmths by incims of observations 
of the pole star. , , ■ . 

But in addition to this, the level may be.affeotod by irregular local density. 
At Arbuiy Hill (one of the stations of the Trigonometrical Survey of Great 
Britain), it is known that tlie plumbJine of the zenith sector was deflected, so 
as to occasion an anomaly of 5^ seconds in . latitude... The sap^ .cause of dis- 
turbance would cgually affect the level, and tbis adipitSi of no reiRedy. i 
To the sources of inaccuracy, before enumerated, m^y be added a small un- 
certainty, (the fraction of a second for example,) in the polar distance of the pole 
star, which would influence the azimuth nearly donblc that quan^ty. . The 
possibility, and I might perhaps venture to saythe probability, of horijiontal 
refraction, affecting the situation of the terrestrial object .to which the star is 
referred, may also be consider^; but .this last 4SjQomiQon to eveiy pethodiOf 
obtaining the direction of tbq.pmriidian. 

From what has been adyano^.it .shqt^ Sepn.^bat ohservildtomipf,^ polp 
star, for the purpose of determining. tip length, of the peippA^ionlPT 
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^ onr latitude,' an wholly unworthy of .credit, and that some other method W 
liable to error should be employed. 

Of these, the best whidt has occurred to me, is the well known method of 
observing a star when near the east or west point of the horizon, and from the 
time and the calculated azimuth to deduce the place of the meridian. Here 
the alteration of the azimuth from a variation in the refmetion, must be care- 
fully taken. into account, and the altitude of the star must therefore be oti- 
tained. 

It will not, however, be necessary to observe the star when vety near tlic 
horizon, as the error in the azimuth arising from the level decreases as the 
tangent of the altitude, and at an elevation of 12^ is scarcely more than twu 
tenths of the error in the horizontality of the axis of the telescope. 


Section 8. — Of the heights of the statiofis ahtwe the ieeel of the sea^ mid of the 
terrestrial refraction^ 

Let the arc between the two stations be A. The depressions reciprocally 
observed at the two stations reduced to the height of the axis of the theodolite 
be D and ; and let R be the mean terrestrial refraction. 

Then R » and should one of the stations appear elevated from 

* 

, S ; ■ , < I 

the other atation, calling the elevation E, we have R se 

The ails of the iMrument was about 5^ feet above the ground, and the 
angle subtenided thisj at the distance between the stations being computed 
and (mbtracted from th^ obsCrvtd depression, the apparent depression of a 
poiut’ at thef he^t of ^ axis was obtained. The distance between the stations 
whs contorted into arc, by hllowiiig 101.7 feet for each second, and with the 
arc and the apparent depremion, the ref^ion was computed. The refraction 
beMl;' added' to the' detllumion, the fiflhiicnee between this and half the con- 
tsuked'ane, gave tfie'dnj^ 'sWbtended ilty the ififfcrence in the height of the twu 
stations above the level of the sea ; the'hei^t of that station being in ezep;, 
aikiiirld^’tlie 'tto ‘de^felMiilnf^httfe^ of the contained arc. Lastly, 
thdan^ tikfe'dtrtilftied, aitoilhc^dUlantje'betiiieen the 'scions, gave the differ- . 
mice (tf their hdj^la in feet. 
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At Folkstone Pier, there is a fiag'-staff, the height of which was carefally 
lueasnrccl, and found to be 37 feet above the Pier. From the pier to the mark 
on the tide gauge indicating XXI feet, was 5 feet. The harbour master 
informed me that the highest spring tides rose 20 feet. We have therefore 
43 feet from tlie top of the flag-staff to high water mark, and 63 feet to low 
water mark. 

By means of the side Tolsford from Folkstone in the following triangle, the 
distances from Folkstone to the flag staff, and from Tolsford to the flag staff 
were obtained. 

Folkstone Pier Flag-staff .... 

Folkstone station 84 37 49 6152.0 feet. 

Tolsford station 13 4 14 27083.6 feet. 

Witli the depression of the summit of the flag-staff, observed at Folkstone 
and the above data, we obtain the height of the axis of the instrument at Folk- 
stone station above low water mark 569.1 feet. 

Similar observations were made at Tolsford, and the resulting height of that 
station above low water mark differed only 3 feet in defect from that obtained 
by means of Folkstone. The refraction employed in these computations was 

of the contained arc. 


In the following Table, arc given in one view the data and the computed 
results. 



Observed 
D<*i)re<)9ion 
or Elevation. 

Contained 

Arc 

A. 

Angle 
Bubten> 
ded by 
54 feet. 

Mean 

Beflve. 

tion 

R 

A 

Angle of 
Difference of 
HeigliU 

Differ- 
ence of 
Height. 
Feet. 

Above 

loer 

Water. 

Feet. 


O 1 11 

0 23 37 

1 If 

25 33.1 

1 II 

1 II 

1 fi6.I 

■ 

1 0 1 1/ 


S76.9 

Horizon of sea 


■ 




mmm 

25 21.85 

0 7.3 

1 49.4i 

■ 



559.1 

I'uirliglit 

0 11 13 

B 


■l!&i 

569.6 

Folkstone 

Dover Castle 

0 13 50 

5 10 

0 Sfi.6 

0 m 

1 

+ 0 11 2.9 

101.4 

559.1 

467.7 

Folkstone 

Blancuez 

0 12 30 

21 59 

0 8.4 

1 39.9 


4.0 3 2.0 

118.4 

659.1 

440.7 

Folkstone 

Pier Flag Staff 

4 40 5 

1 0.38 

S 4.4 

« 4j6 

1 

+4..8SJ3' . 

49&1 

659.1 

68.0 






■ 
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whs carefully observed, and the resulting heights will be found in the preoe^ , 
ding table. These serve to verify to a certmn degree the conclusions otherwise 
obtained. 

The mean of the proportion of the refraction to the contained arc, is and 
this has been employed on every occasion where the refraction was not deduced 
from reciprocal observations. 

I shall now give the elevation of the ground at each station, above the level 
of the sea at low water, the point chosen by other observers. 



Above low woter. 
Fe«t 

By doprcMion of 
horiton. 

Diflcrraca. 

Foot. 

Folkfitone Station . . 

553.6 

571.4 

-fl7.8 

Tolaford Station . . 

579.0 

576.3 

- 2.7 

Blancnez 

435.2 

432.7 

- 2.5 

Fairlight 

572.0 

581.2 

■f 9.2 

Dover Castle Battle- 1 

452.2 

* 465.8 


ments / 




Stede Hill St^on . . 

609.5 

586.1 

~23.4 

Crowboroush station 

807.3 

8 O 7.5 

-1- .0.2 

Leith Hill Station . . 

960.5 

972.8 

.fl23 

Wrotham Station . . 

775.0 



Severndroog CusUel 

472.1 



Battlements } 


1 Mean. . 

+ 1.5 


The mean of the dilferences is so small that we are authorized to conclude 
that no error of consequence exists in the heights above ^ven ; but as the de- 
pressions of the horizon were taken probably in various states, of the tide, the 
mean result should perhaps have differed in defect about 10 feet. This, how- 
ever, may be fairly attributed to uncertainty in .the refractioii employed. 


In the course of the operations which have been detailed, great pains were 
taken to identify the stations, by the bearings of such objects os were conve- 
niently situated for the purpose ; — these are given in the Appendix. 

It is to be regretted that our excellent associate M. Arago lias not yet 
published the results of his operations in France ; and I mu^ therefore, in 
the absence of higher authority, take the longitude of Calais, as given in 
the Connaissance des Terns, to be 0® 28' 69" west of Paris. ^ Adding this to 
1° .'i l' 18".73 the east longitude of Calais from Greenwich, given by the present 
work, we obtain 2® 3(y 17".73 for the difference of long^tudd bet^veen Fans 
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^ and Qreenwich. . This converted into time is O'" 21M8, differing only 0».28 in 
defeqt from ,the admirable results obtained by tlie operations with five signals, 
reported in the Philosophical Transactions for 1 820, by Mr. Herschel. 

The truth of the preceding work wholly depends upon the degree of reliance 
thati may be placed upon tlic base on Hounslow Heath ; and us the uccuracy of 
this is in some measure questionable it is certainly desirable that a new base 
shutdd be measured^ to connect in the most unexceptionable manner the sta- 
tions at Leith Hill and.WrotIuun. The measurement of a base has hitherto 
not kept pape witli the progress of other parts of geodetical operations ; but 
the elegant (^rangement which Lieut.-Colonel Colby has recently imagined for 
compensatin]^ expansion, and which has already been tned in Ireland with 
perfect succ^s, leaves no doubt of the future accuracy of this most important 
part of trigofometrical operations. 


APPENDIX. 

I HAVE rescued for an Appendix such remarks as could not have been intro- 
duced in the) body of the work, without interrupting the regular connection of 
its parts. ^ 

‘ The diigihhl observations are deposited with the Royal Society, and may be 
cdhsulted T^henever occasion may require. It has not been thought necessary 
to pritili^th^in^ us all the angles employed in this work have been carefully 
d^dbb^*ffom theih; atid are given- at the' end of the present communication. 
The letter ffrefittedtO'each angle indicates the name oi the observer ; and where 
the degrees and miiAites are repeated, it is to be understoorl that the instru- 
ment has been shifted, and the readings for the angle taken upon different 
parts of the circle. .... 

The great t^edciotyte bad orijpnaliy only two opposite microscopes, and until 
tihe addition it ani^abbut to aeik;ribe was made, the 'observations were con- 

^^*Tie*instra carefully leveti^,*tlie‘ objects were intereected, and 

the.n^cfeiBcpiJls 18 evident tie, tnith of the angle thus 

oi tlie divisions of the circle from 


'‘ainc— „ _ 


^^'accumey 

nl 
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which it was deduced. In order to do away any error of this kind, the whole . 
iustruiiieiit was shifted by turning it horizontally a few degi'ees ; and being 
again levelled, the observations were repeated, and the angle was obtained on 
dilfcMvnt parts of the circle. This operation was repeated seldom fewer than 
eight times, which it was supposed would be sufficient to do away errors of 
division. Now as at each observation the angle is deduced from readings 
taken on four different parts of the circle, eight repetitions of this kind would 
give a mean angle deduced from thii-ty-two different points of the instrument. 
The time, however, required for this was so considerable as to constitute a 
very serious objection ; in addition to which, when the instrument luid been 
recently shifted, it was feared the spring of the parts might introduce error. 
These inconveniences led me to have four additional microscopes fixed to the 
theodolite, at such distances as with one of the original microscopes to divide 
the circle into five equal parts. This arrangement of any number of micro- 
scopes or verniers which form a prime number, and the manner of using them, 
is due to Mr. Pond tlie Astronomer Royal, but was never published by him. 
Ry means of five microscopes, raising tlic telescope from the Y’s, turning the 
circle 180® in azimuth, and repeating the observations, the angle is obtained 
upon twenty different parts of the circle, without shifting the instrument, and 
consequently any error of division may be supposed to be reduced to a very 
small quantity. Employing in like manner three equidistant microscopes, the 
angle is obtained by readings upon twelve different parts of the circle. 

'Phe second original microscope was not removed, and this afforded an 
opportunity of comparing the angles obtained by two ({pposite microscopes, 
with those deduced by means of five. 

In the course of this work I remarked a curious fact, new to me, and for 
which 1 was at a loss to account. In liazy weather when the staff was so faint 
us to be only just visible, it disappeared upon bringing it to the intersection of 
the cross wires, so that the angle could not be observed. 

A remedy for this inconvenience was suggested and put in j^ctiee by Mr. 
Gardner. The horizontal spider's web of the micrometer being moved above 
the centre, Mr. Gardner succeeded in lodging upon it a very minute particle 
of dust. When the image of the staff was brought to this, it appeared as if 
planted upon a mole-hill, and we were thus enabled to observe with great 
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. accaracy. I consider this a.s a very important improvement in the theodolite, 
and we availed ourselves of it upon all occasions excepting in the observations 
of the pole star. 

As I was desirous of knowing the degree of pi-ccision with which an object 
conld be observed with the telescope of the great theotlolite magnifying about 
fifty times, and also the accuracy with which the microscopes could !«; rciul 
oft; as well as the comparative merits of cross trires and Mr. G.vrdner’s dot, 
we resolved to make some experiments on the subject. A staff upon a steeple 
was taken which was faintly seen ; Colonel Colby marked the time occupictl 
by the observations, and Mr. Gardner read off a certain microscope. The 
position of the telescope and of the micrometer of the microscopt! were of 
course altered between each observation. Tlie following were the results 

inth the Cross IHres. ff'ith Mr. Garunkr's Dot. 

Time at the commencement ... O'* 43". Time at tlnycomiiieno-inent ...()'• 47™. 

ObwTTMiom. Rddinm. Obwrv.tioni. Raidingi. Obremtiom. Rondingi. Olwrvaiiiiiw. RcnAing*. 

1. . . . 3.V'J 6. . . . 3«"1 1. . . . 1''4 0. . . . l"l 

2. ... 35 4 7. ... 35 } 2.- ... 1 1 7- ... 2 

3. ... 35 J 8. ... 36 J 3. ... 1 i 8. ... 1 i 

4. ... 35 f 9. ... 36 4 4. ... 2 9. ... 2 

5. ... 35 J 10. ... 36 I . . . 2 10. ... 2 4 

Mean . . . 36".03 Mean . . . \''.9 

Time at the end . . . O'" 45" 15’. Time at the end ... 0'' 48™ 27'. 

The time occupied in making ten observations with the cross wires was 
2" 15*, and tbe greatest difference from the mean 0 ". 72 . 

The time required for ten observations with Mr. Gardner’s dot was 1" 27 *, 
and the greatest difference from the mean only 0* .4. 

These experiments appear to be important ; they seem to show that in any 
single observation the combined errors of the telescope and microscopes can- 
not exceed, when the cross wires are emplo 3 fed, three quarters of a second, and 
when Mr. Ga|dnbr’s dot is used, they amount only to four-tenths of a second. 
The time, too, reqaired for the latter observations is little more than half of 
that which is requfafite for the former. 

Mmfti error has been supposed to arise both in astronomical and geodctical 
obociTOtions. from unequal ei^ansion of the limb of the instrument. In order 

2c2 
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to bring tliis to the test of experiment, the index of one of the microscopes , 
was placed fit zero, and a certain division on the circle brought to its wire. 
The other microscopes were then read off, the divisions under them having 
been carefully bisected, and the mean was registered. A piece of ICad was 
placed in boiling water until it acquired the same temperature ; and it was 
then laid upon the limb of the instrument, between two of the microscopes. 
Having allowed some time to elapse, the first division was again brought to 
the zero microscope, and the other divisions bisected by their I'cspective 
micrometers; when the readings were found to be very different, but the mean 
varied little from the mean first taken. These experiments were repeated with 
the same results, and satisfactorily proved that no error of consequence is to 
be feared from unequal expansion of the circle when several microscopes are 
employed. 

Vciy different, however, was the consequence of applying the hand to any 
one of the radii to which the microscopes were attached. Then, the expansion 
which took place immediately and to a very considerable degree, affected the 
mean of the readings, by altering the position of the microscope to the support 
of which the hand had been applied. 

From these experiments we may infer the very great importance of securing 
the permanent respective positions of the microscopes. Perhaps this might be 
best effected by imitating the principle of the mural circle. In this instrument 
the microscopes are firmly attached to a wail, and any sensible change in their 
relative positions can scarcely be imagined to take place. In like manner the 
microscopes of portable instruments might be fixed to a 8olid*plate of metal ; 
and this being a good conductor of heat, should any partial change of tem- 
perature take place it is probably to be expected that it would be so rapidly 
diffiis(^l throughout the w'hole mass as to occasion no perceptible change in 
the relative distances of the microscopes from each other 

During our stay at Fairlight, a source of error was remarked which it may 

* In instrumentd constructed in the utual niannert wbfco tbe tni^BCopes arc attached to arms or 
radii, tlu'so may be covered to some thickness by strips of flannel or leather, and tb^ ^ ill ^ con- 
sequenccR to be apprehended from currents of air of different temperatures may, perhaps, he avoided. 
The i^rcat theodolite was treated in this manner; hut ai this was done at Chingflird/tlie liut liatioW 
we visited, no opportunity was afforded of remarking tlie oflbet. 
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^ be important to mention. An object liaving been carefully bisected by 
moving the tangent screw slowly in one directioiL and tlie microscopes read 
off, the result was found to difier three seconds from that obtained when the 
tangent screw was moved slowly in the opposite direction. This could arise only 
from friction upon the axis, and the yielding of the radii of the circle, when 
drawn by the tangent screw clamped to its circumference. Numerous ex- 
periments were made with similar l•esults ; so that the force thus applied to 
the circumference of the circle, occsisioned an error of one seciond and a half, 
plus or minus, according to the direction in which the tangent screw was 
made to act. 

On shaking the screw, if I may so express myself, backwards and forwards 
with little jerks, before the object was finally bisecteil, the error just described 
was obviated. It would perhaps, however, he preferable*, Instead of giving 
motion to the instrument by means of a tangent scraw acting on the circum- 
ference of the circle, to have a bar, connected at one end with a tangent 
screw, and a collar at the other end passing round the axis, to which it might 
be clamped at pleasure. The axis would then be the first part moved, sind 
the probable error arising from dragging the instrument round l)y the liinb 
would be avoided. This arrangement seems to be particularly culled f(»r in 
circles of large dimensions. • 

The errors which may ai’ise from lateral reflection have often b(*.en siis- 
})ected but never clearly ascertained. In the course of our work, however, we 
had sucli evidence of the fact as to leave no doubt of its existence. 'I'lie angle 
between the same objects would differ under the most favonnible circum- 
stances about five seconds on different days, and perhaps a second and a half 
or two seconds may be considered os the eri*or which may affect an angle 
from lateral refraction in an ordinary state of tlie atmosphere. During the 
observations at Stede Hill one fine day, the telescope being directed to the 
staff at Wrotham, a shower rapidly approached from the left, and the staff 
gradually receded from the cross wires until it was obscured by the inter- 
vening haze. At Leith Hill, alter unfavourable weather, it cleared up in the 
etr^ihg, and though there was no ^nd, very extraordinary differences were 
perceived in the aisles, for which it would have been difficult to assign any 
other cause than lateral refraction, varying considerably at short intervals. 
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At Montlainbcrt we had vety decided evidence of lateral refraction affecting, 
the angle between Fairlight lamp and Tobford lamp. These objects weio. 
taken on the evening of the 13th October^ by M^rago, Colonel Colby^ and 
myself, under the most favourable circumstances* The observations were 
repeated on the morning of the 14th, and the mean of the five deduced angles 
difiered from the mean of the seven angles of the preceding evening 2".ld. 
In the table of the angles at Montlambert 1 have separated those of the 
evening of the 13th from those obtained on the morning of the 14th by a 
dotted line. So persuaded was 1 of the existence of this source of inaccuracy, 
that I seldom left any station until 1 found the difference between an angle 
observed at diffei'ent times amount to about five seconds, which I considered 
to be the extreme limits of error. 

There is a source of error in the great theodolite, and which may attach, 
though fram different causes, to other instruments which are read off by 
means of microscopes ; I allude to the variation in the run”, as it is termed, 
of the microscope. The head of the micrometer is divided into sixty parts, 
consequently each part should be equal to one second, and one revolution 
equal to a minute. In order to effect this, the object-glass of the microscope 
is placed by the observer at such a distance from the limb of the instrument 
as to form an image of the arc comprised between two neighbouring divisions, 
of such an extent as that the micrometer head shall make an even number of 
revolutions equal to the number of minutes, in passing over the space from 
division to division. This having been nearly attained, the tube containing 
th(^ eye-glass and micrometer is moved until the divisions are seen distinctly, 
and the operation is repeated until the result is satbfimtory. Now, in taking 
the instrument from station to station, the cone of the theodolite is lower^ 
upon the axis to pi-event injury, and the adjustments just described must be' 
repeated at each station. But this is not the only inconvenience ; for 
microscopes Mrill frequently alter their run from mepansion, or any cause 
whicli may affect the distance between the limb and the object-glass, (ki 
occiision of comparing certain standards of linear measure, I abandemed liii| 
usual form of tlie micrometer microscope^ for iok arrangement wbicki 1 0^, 
ceivc, possesses decided advantages over it ; and which, in the case 
instruments, appears to be liable to no other inconvenience than tfaiit re*- 





LONGITUDE BETVirEEN PARIS AND GREENIHCH. 


19 !) 




. ^idriiiig the use of a table to reduce the measui’ements to arc. If a microscope 
fturuished with cross wires fixed in the focus of the eye-glass be moved parallel 
to itself by a micrometer screw, it will measure the actual distcince which it 
paws over, and no error can arise from a variation of the distance between 
the limb of the instrument and the object-glass of the microscope. It pos- 
sesses also this further advantage, that the object-glass may be changed, and 
the power of the microscope varied at pleasure without aifecting the scale. 
This construction, I cannot but feci, would be a considerable improvement if 
applied to astronomical circles, where very minute quantities are the objects 
of research; as any* error arising from the want of strict perpendicularity of 
the platie of the circle to the axis of motion, or from any other cause which 
might vary the distance of the circle from the microscope, would be avoided. 

I have stated that staffs were erected at Fairliglit and at Folkstone near the 
lamps. These were occasionally taken at BlancticE. and Montiaiiibeil, and a 
correction therefore became necessary to reduce such angles to what they 
would have been had the lamps been obsetwed. To obtain the data for com- 
puting this correction, Mr. Gardner made a plan (Plate X.) of the relative 
positions of the staff and lamp for each station. 

A sketch of the triangles constituting the present work is given in Plate XI. 
The Tables require little explanation. The angles are given as deduced by 
means of five microscopes, and also by the two opposite microscopes. ^At 
Blabcnez the letters indicating the names of the observers have not been 
prefixed, as the angles were individually determined by every one of the party. 
Tor ^0 observed angles at each station is added the manner in which such an- 
gtilf have been derived, as could not be obtained by direct observation. Lastly, 


the readings an) given of such objects as were selected for the purpose of iden- 
tifying the Btaidons : and here it is necessary to bear in mind that the degrees 


of ^^.gieat theodolite are numbered from zero to 180^, and that then the num- 
bi$wforecoin^ i \ . 

d^ies jtue ajsp given detailing the observations of the Pole-star. From the 
e^r. of the cbionom^ter, and the time of the star's south- 
ing; in meaii time and in degrees ; and by means 


in meaii time and in degrees ; and by means 
ai^ the co-latitude, the azimuth is 
i^ri^an fa obUuned. 
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Tables of Observed Angles^ 4fc. 

At Hanger Hill. 



Observations for identifying the Station. 

\ 

Rttdingn. RMdingi. 

O 'l II o I M 

Harrow Spire 178 48 85.31 Dome of Chelsea College 186 18 51.50 

Saiiill white Spire, distant about The Ball of the HorizonUl Mill 

two miles, supposed Kingsbury 52 12 37.50 at Battersea 144 35 14.50 

I lendon Church Vane>staft' .... 57 5 49.12 Battersea Spire 145 17 20.50 

Paiieras New Church Ill 56 11.75 The Centre of Knockholt Beeches 154 17 12.00 

Marylebonnc Church 114 20 51.50 Cupolaof a new Church, five miles 158 83 59.25 

Bayswatcr Chapel 116 8 11.25 Croydon Church Tower 165' 20 51.62 

St. Paid’s 118 20 56.90 Kew Pagoda 21 46 56.(lj0 

WestminsterAbbey(N.W. pinnacle) 126 34 7.21 Vane of Ealing Cupola 36 31 56.^ 

Leith Hill Station 81 84 6.12 Windsor Castle Flag-staff, 102^3 dlL75 
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At Scvcrndroog Tower. 


Wrotlmm, and Leith Hill. 


Cliingford and Wrollmiii. 


Five 

MicroHcopcfl. 


Mean., T«o Mi- I Mean. 
Five. I croitcupvs. | Two. 


Five 

Mieruitcopev. 


Menu. I T«n Mi- ]\fi>nn. 
Five. i:iu!K.‘o|ics. Two. 


K. 86 25 58.70 
C.K.&G. 57.10 5- ! 

57.30 
58.15 _ 
57.40 , 

56.45 I 

c. 57.00 L... -I 

56..'i0 

G. 57.65 j . I 

62.05 p*®** 1 
K.C.&G. 86 25 56*05 I 
56.70 

54.90 ! 2 „ 

50.65 f I 

53.65 L, o.*! 


K. 149 2(i 


1K.C.&G.149 26 


• 149 26' ] 


17.SS 

17.50 

18.63 
14.12 
1 1.13 
1 8.62 

I. ’>.;tH 
I 24.75 

15.00 

14.87 
1 5 . 2.5 

12.63 

II. 00 

1 . 3.50 

1:1.75 

14.12 

15.88 


53.061 C. & K. 149 26 


E.C.&G. 86 25 


* ,149 26 



55.80 

56 92 

68.90 

86 25 61.40 


Genenil mean 56.88 



G. 149 26 15.15 


G. 149 26 


General mean 16.78 


Mean below the line . . 114.56 
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Scverndroog Tower (Continued). 


Chingford, and Westminster Abbey. 


Obfenren. 


K. (fs 57 24.05 

23.30 "'***^' 

K.C.&G. 62 57 


24.44 
25.12 
21.94 
23.00 
22.87 
23.81 

Chingfi 
2G.00 7 

26 . 2.3 OlMrfirvcni. 



Chingford, niul Greenwicli Observatory. 


. 62 57 23.38 

. 24.63 

25.00 


Mean .... 


Leith Hill and Chingford. 



Five 

Mean, 

Two Mi- 

Mean. 

Microiicopci. 

Five. 

croscope^ 

Two. 

124 7 42.55 

» 

44.00 


44.80 

46.60 

45.70 

44.37 

47.06 

45.71 

46.25 

44.10 

45.17 

47.00 

42.00 

44.50 

42.35 


41.37 


45.67 


46.08 


47.8O 

45.95 

46.87 

47.69 

44.75 

46.22 

. 124 7 s50.70 
51.35 

51.02 

54.87 

53.00 

53.93 

51.60 

57.10 , 

54.35 

42.38 

57.37 

49.87 

bbdhi^i 

48.05 



Five 

Mean. 

Two Mi- 

Mean. 

MitTOscopcR. 

Five. 

rroscopi’H. 

Two. 

^0 55 19.10 
?0.75 

19.92 

i"9.:<7 

S:.>.50 

20.93 

19..30 

24.05 

21.67 



20 05 


21.00 


20.50 

2.3.25 

21.87 

22 ..i 0 

25.7.'> 

24.12 

20.60 

22.35 

21.47 

23.50 

2.3.12 

23.31 

Mean 

21.23 

■imi 


Chingford and St. Paul’s. 

I Fire Mean. Two Mi- Mtmn, 
Microbcopes. Five, cruvopcs. Two. 


“■ " s ■« 

IS 

C. IMS 

21.20 ‘***^'' 

K. 20.55 g, 

19.95 

G. 20.25 

19.40 


Mean ... .19.05 
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Angles derived at Sevemdroog Castle. 


Chingford and Wrotham 

0 

. 149 

1 

26 

n 

13.36 

Wrotham and Leith Hill 

. 8G 

25 

58.40 

Hanger Hdl and Chingford . . . 

. 62 

57 

24.25 

Sum . . 

..298 

49 

36.01 


360 

0 

0.00 

Hanger Hill and Leith Hill . . . < 

. til 

10 

23.99 

Hanger Hill and Chingford ... 

. G2 

57 

24.25 

Chingford and Leith Hill 

. 124 

7 

48.62 


Cliintrford nnil Leith I lill ...... 

Chiiigford uiid W estminster Abbey 

Leith Hill and Westminster Abbey 

Cliingford and lieith llill 

Chingford aiul St. Paul's 

Leith Hdl and St. PaulVs . . . 


til 10 21..37 
til 10 

Mean. .Hanger Hill and Leith Hill 61 10 24.18 


Observations for identifying the Station. 


Readings 


Eltham Spire 

145 

27 

51.25 

Cupola on Bromley Tower .... 

152 

4 

39.25 

Beckenham Spire 

ICO 

16 

1.25 

licitli Tower (Centre) 

169 

39 

15.00 

(’roydon Church (Centre) 

174 

29 

33.75 

Norwood Mill 

8 

27 

53.12 

licwisliam Church Vane 

23 

32 

37.37 

Ijeigh Spire (Centre) 

31 

37 

o 

o 

Pcckham Chapel Spire 

42 

39 

4.87 

Deptford Spire 

50 

21 

U.56 

New Chapel east side of Black- 




heath Cross 

47 

37 

49.50 

Centre of Octagon Room, Royal 




Observatory 

52 

53 

30.62 

Vane Cupola of Greenwich Ob- 




•enratory 

52 

58 

1.12 

Greenwich Spire 

57 

7 

5.00 

Newington Butts Church Cupola 

5G 

26 

27.50 

St. George's Church Spire (Cop- 




per Ball) 

56 

34 

19.12 1 


West Cupola of Greenwich Hos- 
pital 

East Cupola of ditto 

Bermondsey Cliiireh 

.St. Saviour's ("liurch (Centre) . . 
Spire North end of London Bridge 

>St. Paul’s 

St. Diinstan's East 

The Monument 

The Tower I'lag-stafT 

Flamsteed’s Observatory, N. E. 

Cupola of the Tower 

St. Matthew’s Bethnal Green, a 

Tower with a Cupola 

Liinchousc Church. • • 

Charlton Church Flag-stafT .... 

Direction of Roy’s Station 

Woolwich Church Flag-staff .... 


O ! H 

l‘H 7 48.62 

61 33 30.95 

62 33 57.67 


121 7 18.62 
51 4J lU.Oj 

72 21 2‘J..';7 


Headings. 

0 I u 

58 15 23.50 
58 45 37.12 
58 51 41.00 
5!) 30 25.87 
Cl 38 45.87 
C2 5 30.87 
C2 23 20.00 
62 0 22.50 
ti2 34 18.12 

62 41 59.75 

74 49 57.12 

75 7 4.87 
81 14 6.37 
98 15 0.00 

125 27 18.50 
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At Chingfford. 


Wrothnm and Sevemdroog. 

Sevemdroog and St. 

PauPs. 


Ob oru-rs 

Five 

Mean. 

Two Mi- 

Mean. 

Observers. 

Five 

Mean. 

Two Mi- 

Mean. 


Microscopes. 

Five. 

croHCOpes. 

Two. 

MicroM.'opes. 

Five, 

crofccopes. 

Two. 

K.! 

ft 34 rib-Sf) 

- 

^'2.00 

« 

K. 

.39 6 .37.05 

.36.62 

35.13 

35.13 

(i. 

5».90 


60.88 



36.20 

35.13 

Ci. 

16 34 60.90 
60-ii0 

60.70 

62.12 

61.87 

61.99 

C. & G. 

36.33 

34.75 

35.54 

.34.94 

34.00 

34.47 


16 34 6l.SJ() 
63.A.5 

62.42 

59.50 

62.00 

60.75 

K. 

38.00 

37.60 

.37.80 

23.13 

37.00 

30.06 


16 34 61. HO 
60.60 

61.20 

63.87 

6.1.75 

64.81 

0. 

39 0 34.70 
3 . 1.10 

34.90 

34.00 

34.62 

34.31 


16 34 60.10 
61.8.1 
16 34 62.70 
62.40 

60.97 

60.38 

61.2.1 

64.87 

62.37 

60.81 

G. 

.34.50 

36.90 

.35.70 

33.25 

36.25 

34.75 


62.55 

63.62 

■H 



mg 





inQniiim 


1 

With (he Ordniuice Theodolite, July 

Wrolham and Sevemdroog. 

Sevemdroog, and Greenwich Observatory. 

Obsi’i VlTS. 

'Hirce 

Microscopes, 

Mf'an. 

Three. 



Observers. 

Three 

MicruscupeH. 

Mean. 

Three. 



K 

ft 34 

62.33 

62.54 


1 

K. 

12 51 23.92 

27.34 

25.63 



c 

6.1.00 

61.16 

63.08 


■ 


24.50 

24.66 

24.58 



K 

62.00 

61.7.1 

61.H7 


■ 


26.00 

23.83 

24.91 



K. 

62.50 

62.75 

62.63 


■ 


26.17 

24.58 

25.37 




62.91 

62.67 

62.79 


■ 


12 51 27.59 
23.67 

25.63 





62.13 


■ 


Mean .... 


mg 

■ 


HH 

58.33 


■ 

■ 






Mean .... 

61.91 


■ 
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Chingford (Continued). 

With the Ordnance Theodolite, July 1S?3. 


Severndroog and St. Paul’s. 

Wrotlinin, and Centre of t)bservntory. 

Observers, 

Three 

Microscopes. 

Mean. | 
ITirec. 



Obsers’ers. 

Three Mean. | j I 

Micruseiipcs. ''llirfe.' | I 

K. 

39 6 36.92 
35.50 

36.21 



K. 

o » 1 

29 26 2r..96 ,,, ^ 
29.09 * 

27 3.3 ' 

1 

Westminster Abbey and Severndroog. 


27 41 r-"' 
2« 91 70 

26.50 

2H.C7Ub ^.1 

27 75 


Observers. 

Three 

MicroM.'0|)es. 





i 


42 52 09.42 
09.50 
09.42 





26 82 
24.92 1 ^ 

29 26 23 42 I,,, .g 
24 50 f 

! ■ 

1 


42 52 12.12 
42 52 10.35 





Meiin 126.93 

1 1 


Mean 10 16 






Observations for identifying tlie Station. 

lleadingK. j 
o I II I 

St. Paula 49 39.37 | I ladleigh Church Beacon 

Holloway Chapel 43 3G 31.87 | Barnet Church Vane ... . 

Chiugford Church Tower 41 44 15.75 j 


neadingn. 

108 33 59.37 
104 25 22.50 


At Wrothani. 


Crowboroughy and Leith Hilt. 

Fairlight and SeveriidrtKig. 

Obaervert. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Mean. 

Two. 

Observers. 

Five 

MicTfMCOpCS. 

Afean. 

Five. 

Two Mi- 
cruibco{i«s. 

Mean. 

'I’wo. 

K.(p.«.) 

53 57 50.00 

49 95 

49.97 

50.00 

61.25 

50.62 

K. 

162 35 4^.45 
50.35 

48.40 

II 

45 87 
6O.75 

II 

48 31 

K.CA.M.) 

4970 

49^5 

4982 

50.25 

50.37 

50.31 

K. 

47.40 

45.65 

46.52 

46 75 
46.38 

46 56 

G. (P.M.) 

53 57 52.45 
53.40 

52.92 

51.76 

51.37 

51.56 

K. 

48.75 

45.40 

47.07 

48.75 

46.88 

47.8I 

C. (PJ«.) 

53.70 

51.25 

52.47 

51.76 

60.75 

51.25 

G. 

47.40 

44.05 

45.72 

46.63 

4.3.76 

45 19 

C. (P.M.) 

51.25 

49-25 

50.25 

50.75 

47.37 

49.06 

G. 

48.50 

46.65 

47.57 

49.25 
47 12 

48.18 

G. (p.M.) 

51.05 

51.80 

51.42 

49.75 

60.50 

50.12 

G. 

47.90 

4H.15 

48.02 

48.75 

48.50 

48 62 

a 

61.45 


50.88 


G. 

162 35 49.75 

48.25 

48 00 

46.43 

K. 

53 57 51.30 
50.80 

51.05 

51.87 

51.13 

61.50 


46.75 

44.87 









G. 

52.70 


62 75 



Mean . . . . ^ 

47.36 


47.30 


Mean 

51.13 


50.63 






1 
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rAPTAlN KATEIl ON THE DIFFERENCE OF 

Wrotham (Continued). 


.Si'V('riu1roo}{ and ChingTord. 


Mean. Two Mi- 


‘j Microscopes. 


G. .58 44.55 
47.20 

G. 13 58 41.00 
45.30 

C. 42.12 

45.25 

G. 45.60 

4.5.60 I 
G. 42.50 1 

42.85 I 
C. 4 2.65 1 

42.50 I 
G. 13 58 46.401 
4.5.;i0 

C. 44.8.5 

44.40 I 
G. 44.50 

43.05 f 


Mean .... 44.20 


hve. I cntscopcs. 


Crowborougli and Cliingford. 


OliscrvcK Mean. I Two Mi- 

Mirroscopcs. Five. | croscopes. 


133 23 2^ 6.5 
33 75 


Mean .... 25.20 


Stede Hill and Crowborough. 


Five Mean. Two MU 



Microscopc^. Five, croscopes. 


Lcitli Hill and Sevemdroog, 


Wl«TOSCOJIC«., 


K. (i*.M.) 65 26 47 65 

48 80 

K. (I'.M.' 17 80 

46 50 I 

C. (r.M. 48 65 

46 60 

K. (A..M.) 49 25 

46.40 

G (r.M.) 6,5 26 48 55 
44 65 

C. (r.M.) 44 80 

49 10 

(r. (r.M.- 47 10 

49 50 

(i. I p.M. 52 00 

45.58 

K 65 26 45 40 


I Tw'o 51 i- 
cniscopes. 
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W r otham ((.Tout inued ) . 


Stede Hill and FairlighL 


Five 


Alieruhcopcs. Five, j rro^cuiK's. 


Mean. I Two Mi- 


Mean. | 
Two. 


Fairliglit and Crowboroiigli. 


Fmu 


Mean. Two Mi- 


Mieroscoprs. Fi\e. ; croseo]H*s. 


Mean. 
I'w o. 


K. (r.M.I 
K. (P.M.) 
K.(a.m.) 
K.(a.m.) 

C. (A.M.) 
G. (P.M.) 
C. (P.M.) 
G. (P.M.) 
C. (P.M.) 
G. (P.M.) 


50 5 4i3..S5 

.38.55 
39.83 
40.50 
37.67 
37.73 

37.75 
39.05 

39.95 

38.95 
50 5 41.90 

44..')0 

40.90 

42.90 

4.3.10 

41.75 

50 6 40.15 

40.25 

41.10 
44.40 


40.45 
40.17 

37.71 

38.40 

39.45 

43.20 

41.90 

42.42 

40.20 
42.7:> 

C. (P.M.)i uip|>osc<l .38.70 j; 

^ inutiuu. 40.65 


G. (p.M.)j 


40.55 

41.70 I 


41.13 


43.13 
38.00 

40.13 

38.25 
.36.44 
37.2.» 

37.25 

37.12 

38.62 

38.00 

41.87 

45.00 

40.88 

43.13 
42.50 

41.37 

41.75 

42.88 

42.75 

46.63 

41.00 
43.1 3 
43.12 

44.38 


40.06 

I 

139.18 

I 

136.84 

I 

,37.18 


.38.31 

'43.43 

[42.00 

141.93 

j42.31 

'44.69 

I 

14 2.06 

I 


( P.M. 
(^A.M. 
(A.M. 

(a.m. 

(P.M. 

(P.M. 

(P.M, 

(P.M, 

(p.M. 

(P.M. 


43 11 9.60 

9 20 j 
9 9«1 
9 80 : 
9 SO 


9 10 
9 89 


9 05 ! ^ ^ - 1 


972 


10 3: 

9 10 

43 11 6.;10jG.20 


6 00 
10 00 
6 30 
9 75 

6 8."i 

43 11 10.55 

7 60 

j' Mippo«*<l 1185 
' motion. 14 10 
1 1 35 I 
7 KOI 


8 15 
8 30 

907 

13 12 

957 


Mean . 


9 28 


I Ucject* 


13 12 8.86 


10 75 
10 50 
10 6 -2 
10 63 
10 63 
10 (i:! 

1 u 75 

10 13 
7 6,3 
6 88 

1 0 .37 
7 87 

1 1 25 
9 HS 

9 1 3 
7 00 
10 63 

12 87 
H 88 
7 25 


1 0 62 

1 0 62 

I 

10 63 

! 

10 11 

7 25 
9 12 

10 56 

8 06 

1 1 25 
K 06 


9 66 


9 48 


Mean . . . . I40.62 ij 40.98 


Observations for identifying the Station. 


Readings. 

A Spire S3 tr 47.00 

A Tower near 23 81 18.25 


Rvadirigii. 


A Tower about 2 miles distant .. 0 1 51 46.62 
Wadluirst Spire 88 12 1.00 


The Station is in the north-west corner of a field upon Wrothain Hill, called "The Plains. " 


At Leith Hill. 
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CAin’AIN KATEll ON THE DIFFERENCE OP 
lA?ith Hill (Continued). 


I/aii^"r Hill and Scverndroog. 

Wrotliam and Crowboroiigh. 


Five 

Mcau. 

Two Ml- 

Me.in. 

Observers. 

Five 

Mean. 

'I’wo Mi- 

Mean. 

Microscopes. 

Five. 

croscopcs. 

'I’wo. 

MieruBCopes. 

Five. 

croscopcs. 

Two. 

G. 

35 23 14.80 
12.35 

13.57 

1 

1 6..50 L f . 
14.87 

G. 

38 56 57.45 
56.32 

56.88 

69.87 

56.68 

58.24 

C. 

12.76 

14.85 

13.80 

15.00 

1 5.38 

1.5.19 

G. 

56.00 

5.3.30 

54.65 

55..38 

57.38 

56.38 

K. 

11.75 


1,3.75 


G. 

54.50 

56.90 

57.00 

.58.15 

G. 

35 23 12.60 
11.90 

12.25 

12.88 

1.3.00 

12.94 

G. 

59.30 

57.60 

59.31 

57.00 

K. 

13.88 

12.95 

1.3.41 

14.69 

12.75 

13.72 

G. 

56.61 

54.70 

55.65 

56.36 

.56.25 

56.30 

G. 

10.97 

10.60 

10.78 

10.75 

11.87 

11.31 

K. 

55.65 

55.55 

55.60 

59.00 

55.62 

57.31 

K. 

14.40 


j 16.62 


G. 

55.85 

54.87 

55.00 

55.87 

G. 

35 23 16.65 

16.52 

! 18.87 

18.00 


53.90 

56.75 


16.40 

: 17.1.3 

K. 

38 56 56.75 

56.90 

56.75 

57.O6 

K. 

16.65 

l.-i-SO 

’ 16.75 

15.93 


57.05 

57.37 


14.35 

1.5.12 

C. 

56.85 

.56.85 

56.13 

57.19 

G. 

35 23 13.50 

1.3.70 

13.31 

13.47 


56.85 

58.25 


13.90 

13.6,3 

G. 

56.90 

56.22 

56.87 

55.81 

K. 

1 1.02 

is.ai 

14.06 

15.90 


5.5.55 

54.75 


16.60 

17.75 

G. 

38 56 55.00 
55.00 

55.00 

55.26 

53.88 

54.56> 


Mean .... 

13.87 


14.68 







Mean .... 

5.5.95 


.56.69 












Scverndroog and W rothnm. 









— - - 



— 

Hanger 1 lill and M estininstcr. 



Fitc 

Microsco|»os. 

Menu. 

Fiu'. 

Two Mi- 

Cl OsCO|ll.S. 







Obtiirvcrs. 

'I'wo. 

Obseners. 

I’ive 

Microivcopcs. 

Mean. 

Five. 

' Thu Mi- 
1 croscujies. 

! Mean, 
j Two. 










G. 

0 1 u 

28 7 17.57 
19.05 

18.31 

18.,56 

17.87 

18.21 

i 

G. 

17 42 36.70 

37.20 

38.87 

38.81 

K. 

28 7 1 7.60 

17.61 

I8.75 

1 

IH.19 


37.70 

.38.75 


17.63 

1 7.63 

G. 

17 42 39.39 

34.66 

39.H8 

35.59 

C. 

17.35 

16.87 

15.70 

1 7-50 

17.25 

1 

,16.78 


29.93 

31.31 

G. 

16.40 

16.35 

17.00 

17.38 

G. 

17 42 33.10 
35.35 

34.22 

35.25 

35.62 

35.43 


15.05 

16.19 

K. 

35.67 

34.78 

35.99 

35.80 

K. 

28 7 17.75 


16.25 

113.94 


3.3.90 

35.62 


13.40 

1 Oai)/ 

11.63 

G. 

37.85 

.39.30 

39.75 

40.19 

K. 

18.60 

17.62 

16.6.3 

16.00 

1 


40.75 

40.63 

(i. 

16.65 
28 7 15.50 

15.37 

14.00 

K. 

36.45 

37.75 

37.10 

37.50 

39.12 

38.31 


15.45 

15.47 

14.37 

14.18 

G. 

17 42 37.65 

.36.82 

35.18 

36.15 

K. 

1.3.75 

14.02 

14.1.3 

1.3.75 


,36.00 

35.13 


14.:i0 

1.3.38 

K. 

37.97 

38.86 

37.31 

37.78 

G. 

, .’8 7 18.15 
, 15.00 

16.57 

17.25 

16.06 


39.75 

38.25 



J 4.5/ 

1 


Mean .... 

36.6s 


37.13 

1 


Mean .... 

16.42 


jl6.04 
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Leith Hill (Continued) 


Westminster Abbey and Severndroog. 


Obwrven. 



Observations for identifying the I 

Station. 

Rcsdingiu 

Vane of a Church about 2 miles 

o 

* 

II 

beyond Box Hill on high ground 

59 

6 

50.12 

Cupola Vane of Kwherst Church 

90 

17 

1.12 

Abinger Clmrch Spire 

168 

20 

57.50 

Severndroog Castle Flag-staff'. . 

71 

15 

51.25 

Left Edge of Leith Tower .... 

158 

8 

0.00 

Right Edge of Leith Tower. . . . 

174 

1 

48.50 

Apex of a White Tower Church 




about 2 miles, (possibly Okelcy) 1 75 

13 

59.00 


The North-west A|igle of Leith Tower is distant from the Station C6 feet 10 inches. 





JO. iftcA^tx 


At Stede Hill. 


Fairlig^t atid Crawborough. 


Ufa 

Ificroioiipci. 






MDCCCXXVIII. 


SB 
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CAPTAIN KATEK ON THE DIFFERENCE OF 


Stede Hill (Continued). 





Observations for identifying the Station. 


Bottom of the Spindle of the Vane of Charing Church 92 10 5.00 

Bottom of die Spindle of the Vane of Lenham Church. 65 2 82.12 

Bottom of the Spindle of the Vane of Harrietaham Church. 128 24 89.87 

Bottom of die Spindle of the Vane of UoUingbouro Church* 51 15 6.12 
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2b2 
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CAPTAIN KATER ON THE DIFFERENCE OF 


Crowborough (Continued). 
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Crowborough (Continued). 


Frant Church and Stede Hill. 

Stede Hill and Tolsford. 

Obaenren. 

FIto 

Jdicroacopcs. 

Mean. 

Five. 

Two Mi- 
croocopes. 

Mean. 

Two. 

ObscTTcrs. 

Five 

Microscopes. 

Mean. 

Five. 



K. 

K. 

G. 

G. 

K. 

C. 

0 f // ^ 

0 12 43.00 

42.90 
41.70 
41.25 
39.77 
41.80 

41.90 
40.36 

0 12 40.45 
40.30 

// 

42^30 

40.28 

41.12 

40.37 

M 

41.75 

41.00 

41.37 


25 38 39.00 
.39.57 
38.05 
37.42 
38.50 
25 38 42.42 
38.27 
25 38 43.22 
41.381 

// 

38.81 

37.96 

40.34 

42.30 



■m 

Mean .... 

■mm 




Mean.. 41.34 






Observations for identifying the Station. 


Readings. || 

Hartfield Spire 70 39 3.00 j Crowborough Chapel Spire 

Wadhurst Spire 7 4 48.75 | Rotherficld Spire 


Readings. 

ti I u 

11 31 19.00 
23 52 44.25 


Hnrtfield Sj^ire 
Wadliurit Spire 

i 

} 


Observations repeated. 

Readings. 

4 38 5.00 Crowborough Chapel Spire 
120 53 48.00 Rotherficld Spire 


I 

Roadings. 1 

I 

o I ift 

125 20 25.50 
137 41 iG.5U 


At Tolsford. 


Blancnez and Fairlight. 

FienneSi and Mondambert Station. 

Obaartara 

Fito 

Microsoopea. 



1 

Obsenrers. 

Fi?a 

Microscopes. 

Maan. 

l^fC. 

Two Mi. 
croscopes. 

Mean. 

Two, 

0. 

G-. 

0. 

■ 

its s't 4tf.9S 
M.$S 

»8 

118 M 81.78 

«r 

47.8Q 


1 

KC-ftO. 

K, 

K.C.&G. 

1*7 30 18"40 
14.70 
16.«I0 
17.13 

18.08 

li$.4fi 

17.46 

16.41 

16.38 

1783 

16.93 

17.10 

mM 

tt&ssi 

■ 

■B 

□ 


Mean . . • . 

15.75 


17.01 
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CAPTAIN HATER ON THE DIFFERENCE OF 


Tolsford (Contitraed). 
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Tolsford (Continued). 


Folkstone and Blancnez. 

Notre Dame and Fairlight. 

ObMnrcfB. 

Five 

Mieroicopei. 

Mean. 

Five. 

■ 

I 

Observers. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Mean. 

Two. 




I 

1 

■ 

■ 

33.28 

H 

35 00 

37 59 

38 42 

38 00 


Mean . . 56.99 


n: 


mu 

Notre Dame and Fiennes. 


Mean 30.62 

.... 

37 00 



ObitrTwii 

Five 

* Microscopes. 

Mean* 

Five. 

Two Mi- 
croscopes. 

Mean. 

Two. 

Stede Hill an 

d Folkstone. 


o / // 

12 49 12.15 
13 22 
15.18 
15.35 


12.50 

15.18 

17.25 

16.25 

1 

Observers. 

Five 

Microscopes. 

Mean. 

Five. 



G. 

K. 

K. 

G. 

K. 

K. 

G. 

K. 

0 / * #/ 
154 0 15 95 
13 80 
13 92 
1516 
13 05 
14.42 
154 0 15.65 
13.45 
13 70 
14.22 
14.77 
154 0 16 65 
17.90 
13.45 
13.00 

H 

14.87 

14 54 

13.73 

14.55 

14.49 

17.27 

13.22 




Mean .... 

13.97 


15 29 

. N6tre Dame, and Monllambert SUifiT. 

Obsenrcn. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Mean. 

Two, 

K.C.&G. 

O / M 

30 19. 29.88 
31.15 

// 

30.51 

33.63 

34.08 



Mean .... 

30.51 


33.85 



Mean .... 

14.67 



1 Fairlight, and Montlambert Staff. 

Folkstone^ and Tcnterden Church. 

r 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
ctoscopes. 


jObcwnrwi. 

'fwo. 

Observers. 

Five 

Microscopes. 

■ 

HI 

□ 

■ 

O / M 

^5 48 1.82 
2.80 
2.80 
2.73 

u 

,t.76 

H 

S.4I 

396 

3.96 

434 

u 

3.18 

4.15 

K. 

K. 

K. 


1 

I 

1 

□ 

Mean 

BDI 

gg|i 

ISl 


Mean 58.17 

■ 

B 

■ 
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Tolsford (Continued). 


Folkstone Pier Eag-staiT, and Folkstone 
Station. 

Folkstone and Crowborough. 


Five 

Microscopes. 

Mean. 

Five. 

IH 

■ 

Obiicrvera. 

Five 

Microscopes. 

Mean. 

Five. 




0 / U 

170 15 55.25 
46.75 




G. 


■ 




Mean .... 





Mean .... 

14.07 



Notre Dame and Blancnez. 

Fairlight and Tcnterden Church. 

Obiicrvcrs. 

Five 

Microscopes. 




Observers. 

Ftva 

Microscopes. 



J 

K. 

29 58 8.75 




G. 

^ 3« 40.56 


n 

■ 


* Angles derived at Tolsford. 


O t H 

Fienncii and Fairlight 113 18 17.45 

FienncH and Montlambcrt 17 30 15.75 

Montlamlicrt and Fairlight • 95 48 1,70 

Montlambert and Fairlight 
(observed) 95 48 2.41 

Moan . . . Montlambcrt and Fair- 

light 95 48 2.05 


Folkstone and Fairlight 18C 51 46.61 

Montlambcrt and Fairlight 95 48 2.05 


Folkstone and Montlambcrt. 41 3 44.36 

Folkstone and NOtrc DamCi Calais 10 44 10.43 
Notre Dame» Calais, and Fiennes. 12 49 13.97 
Fiennes and Montlambert 17 30 15.75 

Folkstone and Montlambert. 41 3 46.15 

41 3 44.50 

Mean.. .Folkstone and Mont- 
lambert 41 3 45.35! 


Folkstone and Fairlight ••••«•• • 136 61 46»61 
Blancnez and Fairlight (observed) 118 34 4$»97 

Folkstone and Blancnez .... 18 16 57.64 

Folkstone and Blancnez (ob« 
served) 18 16 56^99 

Mean . • . Folkstone and Blanc- 
nez 18 16 57)31 


Folkstone and Montlambert • • • • 41 3 45135 
Folkstone and Blancnez. IS 16 57j31 

Blancnes and Montlambert . itft 46 48^04 

Blancnez and Fairlight (observed) 118 34'48j97 
Montlambert and Fairlight 95 48 2j05 

Blancnez and Montlznibert ; 22 46 46j92 
22 46 48104 

Mean. ..Blancnez and Mon^ i 

InabeM • • • v ? ' • «« 
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« I II 

• Tenterden Church and Folkatone lti6 49 58.17 
Folkstonc and Fairlight ....... . 13G 51 4G.G1 

Tenterden Church and Fair- 

light 29 58 11.5G 

Tenterden Church and Fair- 

light (observed) 29 58 8.75 


O I <» 

And taking the value of these an- 
gles according to the number of 
the diiFercnt parts of the circle 
from which they were obtained, 
that is as 30 to 10, we have, — 

Mean. . . .'i'cnterdeii Church and 

Fairlight 29 .'iS 10.86 


Observations for identifying the Station. 


Readings. 
a I II 

Qeachborough Summer-house . . 55 50 3.00 

Stanford Church 28 10 11.62 

Ashford Church 48 41 6.37 

l^eil-hand Edge of the Summit of 

Lyme Castle 1G6 49 5.00 


Rradlngs. 

O I II 

Right-hand Edge of the Summit 

of Lyme Castle IGG 56 25.37 

Left-hand Edge of the summit of 

Saltwood Castle 107 11 4.50 


At Folkstone Station. 


Montlninbert, and Dungeness IJght-I louse. 

Dover Flag-staff ond Blnncnez. 

Obsenrem. 

Two 

MlcroKopet. 


Two Mi- 
croscopes. 


Obserrers. 

Two 

Microicopos. 


Two Mi- 
croscopes. 


1 

o * 

75 31 

75.31 

75 31 

75 31 

75 31 

75 31 

75 31 

75 31 


// 

42 75 

41.00 
3975 
41.13 

40.01 
43.50 
41.75 
88.87 


1821. 

A. 

K. 

K. 

K. 

A. 

K. 

50 26 

50 26 

50 26 

50 26 

50 26 

50 26 


43.27 

47.94 

46.94 
47.00 
47.35 
51.06 

1 




47.28 








JBIB 


Bfl 

Ndtre Dame and Blancnez. 

Ealkaione Church Vane, md Tolsford. 

Obierrers. 

Fire 

Microscopes. 

Mean. 

Five. 

Two Ml. 
croscoiwt. 

Mean. 

IVo. 

OlMwrvcn. 

Two 

Mierasaepss. 


Two Mi- 


G. 

C. 

9 # // 

9 21 19.85 
17.15 

9 21 

18.50 

18.75 

16.25 

91.12 

17.50 

ii 

iaU . 


. 51.62 




B 

im 


Bi 

_ Mean,. .. 

18.50 

18.71 




■illi 

i 


MDCCCXXYUl. 2 F 
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CAPTAIN KATER ON THE DIFFERENCE OP 


Folkstone Station (Continued). 



Kairlight and Inlsford. 

Blancnez and Moiitlambert Lamps. 

Observers. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 

croMCO{MHi. 

Mean. 

3Wo. 

Observera. 

Two 

Microscopes. 


Two Mi- 
croscopes. 


1821. 

c. 

1823. 

G 

G 

C. 

G. 

G. 

O / It 

36 17 

36 17 

61..30 

53.96 

.36 17 

36 17 

36 17 56.3,1 
54.65 

// 

58.62 

55.50 

58.13 

59.2,'i 

60.87 

56.63 

54.75 

54..66 

5.6.13 
.64.35 

// 

58.75 

54.69 

A. 

K. 

C. 

A. 

K. 

C. 

G. 

A. 

C. 

K. 

C. 

A. 

K. 

A. 

K. 

A. 

0 / 

25 1 

25 1 

25 1 

25 1 much 
25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 

25 1 


tt 

44.75 

48.31 

47.81 

41 88 
48 37 
48 94 
50 00 
46 81 
46.25 

4594 

4513 
47.18 
46 31 

47.93 

46.00 

45.41 



Mean .... 

57.06 

66.70 

56.72 

Dover Station nnd Notre Dame, Calais. 

ObaervoTs, 

Five 

“Microscopes. 

Mean. 

Five. 

Two Ml- 

croscdties. 

Mean. 

Two. 


Mean .... 


46.69 

■ 



G. 

G. 

C. 

o / // 

41 16 

89.10 

38.30 

41 16 

// 

30.70 

25.81 

29.88 

33.13 

32.00 


Dove 

r Station and Dove 

r Fhig-sta 

ir. 

Observers. 

Two 

Microscopes. 


Two Mi- 
croscopes. 



Mean .... 

30.70 

29 . 9.3 


A. 

K. 

K. 

A. 

K. 

0 / 

0 11 

0 11 

0 11 

0 11 

0 11 


// 

4.75 

0.25 

6.00 

3.12 

3.56 

1 

Dover Station nnd Blancnez. 

Obaervent. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Menu. 

'IVo. 

1831. 

A. 

K. 

K. 

A. 

C. 

A. 

K. 

K. 

1832. 

G. 

C. 

5*0 37 

60 37 
.•lO 37 

50 37 
,60 37 

50 37 

60 37 

50 37 

50 37 48.95 
49.45 

50 .37 

// 

49.20 

It 

48.12 
47.19 
5,3.00 

50.37 
51.69 
484i9 
48.75 

54.62 

48.6.3 

48.38 

63.12 

u 

48.50 


Mean .... 


3.54 

■ 



Blancnez, and Dungeness Light-House. 

Observers. 

Two 

Microscopes. 


Two Mi. 
CFOscopes. 



100 33 

100 3.3 

100 33 

100 33 

100 33 


27.50 

29.31 

27-56 

28.66 

23.12 



Mean of all. . 

49.20 

50.23 



Mean .... 

n 

Qg 



BBi 
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Folkstonc Station (Continued). 


Blancnez and Fairlight. 

Folkstonc Pier Fhig-stalT and Tolsford. 

Obnervcni. 

Five , 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Moan, 

Two. 

Observers. 

Two 

Microscopes. 


Two Mi- 
croscopes. 


00 00 

0 1 H 

121 48 

121 48 

121 48 

121 48 

121 48 12 55 

16.75 

121 48 

9i 

14.65 

17.07 
08 37 

15.06 

11.50 

12 50 

17.37 

14.50 


K. 

84 3"/ 


49 0 



Mean 

••■■1 

49 0 


Dungcncss Liglit-I louse and Fairliglit. 

14.93 

Observurs. 

T«o 

Microscopes. 


Two MU 
crnscupes. 

J 



Wm 



■ 


1 

49.67 
52 62 
46.25 



Mean used . . 

14.1 a 



Motitlambcrt and Fairliglit. 

m 

Mban .... 

B 

49.4H 


Observers. 

Two 

Microscopes. 

■ 


■ 

Notre Dame and Fairlight. 


96 46 

96 46 

96 46 

96 46 

96 46 

96 46 

96 46 

96 46 

96 46 


32.32 

23.24 

27.88 

25.50 

28.82 

25.12 

26.19 

26.63 

25.12 

1 

Obsi'rvers. 

Five 

Microscopes. 

Menu. 

Five. 

Two Mi- 
croscopes. 

Moan. 

Two. 

G. 

G. 

c. 

0 1 ff 

131 9 

.32.40 
33 90 

131 9 

.33.15 

35.76 

31 25 

33.62 

35.62 

32.43 


Mean .... 

33.15 

34.06 


1 Mean, . 


26.65 

B 


waigmra 


B 


Angles derived at Folkstonc. 


i|k O t II 

Montlambert and Fairlight • 4G 26.82 

Mondaxnbert and Blancnez 25 1 4C.C9 


Blancnex and Fairlight 121 48 13.01 

Blwienei and Fairlight (obaerred) 121 48 14.13 


Man. •••Blancnai and Fairlight 121 48 13,57 


2 F 2 
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Observations for identifying the Station. 

Readings. H Readings. 

. O i II 9 t It 

Dover Cnstic Flng-staff 175 51 5D.50 Right-hand Summit of jnearest 

Sumniit oi the Left Side of Mar- Martcllo Tower 99 98 36.S5 

tello Tower iie:irest tlie Beach 98 28 28.75 Top of tlie Flag-stafl' Folkstone 

Ritriit-hand Suniinit of ditto .... 99 8 88.50 Harbour 119 46 45.25 

LcO-h;iiid Summit of nearest Mar- Folkstone Church Vane Spindle 185 10 42.75 

tello Tower 98 47 59.75 Tolsford Station 24 24 84*87 


At Fairliglit. 
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Fairlight (Coiitiimccl). 


Crowborough and Stcde Hill. 


Cruwborough and Folkstonc. 


OIjscrveni. Mean. Two MU Mcftii.! observers. >fean. [j Two MU Mean. 

Microscopes. rise. crosco|ies. Two. I Microscopes, law. jj croM-opeii. Two. 



Mean .... 83 


Folkstonc and Dungeness Light- House. 


Five 

Microscopes. 


Two MU 
croscopcB. 


G. 117 20 S1.2S g 

47.07 ® 

G. 4H.63 .. 

47.57 ■“*•*3 I 

G. 117 20 46.85 .. 

44.25 I 
C. 45.63 , . j| 

43.5 1 

G. 117 20 -•fi.37 

117 20 I 47.38 

117 20 1 47.87 

117 20 1 45.37 

117 20 43.88 

117 20 47.75 

G. 117 20 45.67 44 45.49 

43.58 43.97 

G. . 

46.90 r****** 46.75 ' 


Mean 46.31 46.03 


Blunciicz, and Fairlight Church. 
Obs<*rvcn. |] I 

Mii'rosro|ies. croscopcs. 



Rejecting greatest and least 


Crowboro«gh Staff, and Wrotham Lamp. 


Microscopes. Five. 


Two 

Microscopes 


K. 

• / « 

33 6 32.18 


31.65 

G. 

29A0 

K. 

33 6 31.95 


26.73 



K. 23 38 
G. 22 38 
A. 22 38 
G. 22 38 
K. 22 38 


Mean . , . . 
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Filirlight (Continued). 
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Fairlight (Continued). 


Wrotham and Tolbford. 

Tenterden Church nnd Folkstone. 

Observers. 

Five 

Microscopes. 

Mean. 

Five. 

'INvo Mi- 
crost'opus. 

Mean. 

Two. 

Observers. 

Two 

Microscopes. 

!j Two Mi- 
1 crowojies. 

J 

■ 

77 23 58'ftO 

57.35 

61.65 
58 88 

77 23 57.62 
60.25 
56.18 
56.07 

67.90 
77 23 57.55 

57.65 
58.40 

77 23 58.35 

60.35 
58.10 
61.00 
57.98 

61.90 
77 23 59 95 

62 95 
57 76 
58.10 

'"T 

M 

5792 

60.26 

58.21 

56.98 

57.60 

59.35 

59.55 

59.94 

61.45 

57.92 

// 

59 24 
60.25 

58.63 
62 50 
5981 

61 75 
58.75 

60 00 

53.63 
58.12 


tt 

G. 

C & A. 
K.&G. 


1 

m 

1 



Mean .... 

■ 

495s 



Spire for llie Pole Star and Tolsforil. 

Observers. 

Five 

Microhcopcs, 

Mean. 

Five. 

'Fwo Mi- 
croscopes. 

Mcnn. 

Two. 

0. 

G. 

56 0 .17.90 

56 0 39.53 

39.80 

39.66 

40 62 

41.75 

// 

41 18 


Mean.. 39 08 j 



Frant and Stede Hill. 


Mean .... 

5892 



Observer. 

Five 

Microscopes. 


T«o Mi- 
croscofies. 

U 

Blancnez and Montlambcrt 

G. 

51 18 

51 18 

51 18 13.53 

1 

ISii 

■jin 

■ 

Observers. 

Two 

Microscopes. 


Two Mi- 
croscopch. 


A. 

K. 

G. 

A. 

G. 

0 f 

17 39 

17 39 

17 39 

17 39 

17 39 


S6.00 

31.13 

53.13 
85.37 
86.19 

1 


Mean 13.53 

g| 

, 17-65 

■i 

Folkstone^ and Fairlight Churcli. 

Observers. 

Two 

Microscopes. 

■ 

Two Mi- 
croscopisi. 



Mean .... 

.... 

86.36 


Tenterden Church and Tolsford. 

C.A A. 
C. 
A. 
K. 


1 

45.56 

4163 

46.12 

47.8I 


Observer. 

Two 

Mieroscopei. 

■ 

mm 

B 

G. 

• 0 t 

ao 19 


1 



Mean .... 


45.28 



B 
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Fairligfat (Continued). 


Fraiit Cliurch and Tentcrden Church. 

Wrotham and Folkstone. 

Obsi-rvcro. 

Two 

Microscopes. 


Two Mi- 
croscopes. 


Observers. 

Five 

Microscopes. 

Mean. 

Five. 

Two Mi- 
croscopes. 

Mean. 

Two. 

K. & G. 
C. 
A. 

57 26 

57 26 

57 26 


1/ 

31.87 

41.12 

.*18.13 

1 

G. 

G. 

G. 

♦ 

84 14 14.82 
14 12 
16.82 
84 14 14.80 
14.95 

// 

15.47 

M 

u 


Maan .... 


3704 


14.87 







C. 

14 60 





Frant and Crowborough. 

G. 

84 14 13 20 
11.30 

12.25 

7 75 
10.37 

9.06 

Observer. 

Five 

Microscopes. 





Mean. . 14..33 

14.19 



G. 

13 44 19 90 






Angles derived at Fairlight. 


0 i n 

Folkstone and Montlnmbort 44 28 44.74 

Polkatonc and Tolsford 6 50 16.94 

0 t U 

Folkstone and Blancnez 26 49 18.67 

Blancnez and Montlambert 17 39 26.36 

Tolaford and Montlanibcrt . . 51 19 1.68 

Folkstone and Montlambert . 44 28 45.03 

Folkstone and Dungcncs.s 21 50 5.80 

Dungencss and Blancncz 4 59 12.87 

Folkstone and Dungencss 21 50 5.80 

Dungeness and Montlambert 22 38 38.65 

Folkstone and Bloncnez .... . 26 49 18.67 

44 28 44.45 
44 28 45.03 

Mean.. .Folkstone and Mont- 
lombm 44 »8 *4.U 

Tenterden Church and Folkstone . 46 9 49.58 
Tolsford and Folkstone 6 50 16.$4 

Folkstone and Blancncz, using the 
mean of all the angles between 

Folkstone and Dungeness 26 40 19.04 

Tolsford and Folkstone 6 50 16.94 

Tolsford and Blancnez 33 39 35.99 

u 

Tenterden Church and Tolsford 39 19 32.64 

Stede Hill and Frant Church . . , . 51 18 15.59 
Crowborough and Stede Hill .... 65 -2 35.83 

Frant COiurdi and-Crowboroi^ 18 44 20414 
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Observations for identifying tlie Station. 

Readings. Readings. 

O « 41 O I W 

Ashford Tower 17G 0 7.62 East Edge of Fairlight Mill ... . 130 £4 24.C2 

Mr. Fuller’s Observatory Dome 84 37 £1.12 Hastings Church 4 9 0.12 

Roy's Station 113 33 57 Dungcncss Light-House 46 9 36.£0 

Church about three miles 131 32 13.25 Fairligbt Church £7 25 13.40 

West Edge of Fairlight MiU . . . . 140 55 59,25 | 

From the Station to the nearest angle of the Windmill, 69 feet 2 inches. 

Roy’s Station from tlie nearest angle of the Windmill, 26 feet 4 inches. 

Roy’s Station from the new Station, 87 feet inches. 

At Blancnez. 


Montlambert Lamp 

Montlambert Lamp 

and 

and 

Fairlight Lamp. 

Folkatone Lamp. 

Two MicroaoopM. 

Two MIcRMCoiieik 

75 56 24.64 

107 18 56.17 

75 56 23.98 

107 18 56.71 

75 66 2.3 08 

107 18 5.3.64 

75 56 25.25 

107 18 57.18 

75 56 25.53 

107 18 56.78 

Mean7fi 66 24 A9 

Mean 107 18 55.90 


Montlambert Staff Folk stone Lamp 

and ^ and 

Fiennes. Tolsford. 

Two Mirroscopot. Two Microkcupoii. 

51 21 34.19 3 36 52..'17 

51 21 35.18 3 36 .*>0.05 

51 21 33 88 3 36 52 78 

51 21 33.12 

51 21 2997 Means 36 51.73 

01 21 37 53 —————— 

Mean 51 21 03 98 FoJkstone Stall’ 


Fairlight Lamp 

Dungeness, 

and 

and 

Folkstone Lamp. 

Folkstone Lamp. 

.31 22 30 72 

31 22 88.99 

31 22 27 82 

31 22 30.66 

31 22 33 30 

31 22 28.03 

31 22 30.60 

28 58 5591 

28 59 2.06 

28 58 65.84 

MmoSS 68 67 94 

Dungeness, 

31 22 29 91 

81 22 31.27 

and 

31 22 32.61 

Fairlight Lamp. 

31 22 81.53 


31 22 31.53 

1 98 86.36 

31 22 82.68' | ' 

. 9 68 9947 

31 22 81.25 

9 93 36.69 


Dungeness, 

and 

Montlambert Lamp. 

o f ft 

78 20 0.33 

and 

Dover Station. 

• 4 # 

12 3 50.81 

12 3 53.44 

12 3 51.41 

Itfoan 19 a ill 

78 20 0.33 

Add.... 9.00 

Ndtre Dame Calais, 
and 

iFolkstone Lamp. 

131 66 37.34 

131 56 39.23 

131 56 40.39 

131 56 39.63 

12 3 63.88 

Dover Station 
and 

Ndtre Dame Calais. 

119 62 47.12 

119 62 53.53 




131 66 39.12 pdeanll9 62 50 32 


ifDCCckxviii&<' 2 o 
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Blancncz (Continued). 


Folk stone 
nnd 

Tolsibrd. 

Dover Castle Flag-staf] 
and 

Folkstonc Staff. 

Notre Dame Calais, 
and 

Fiennes. 

North Foreland Light- 
House, and Folkstone 
Staff. 

Two Microscopes. 

Two Microsco^KSu 

Two Microscopei. 

Two Microscopes. 

fit) 00 
:{ »6 51 63 

3 36 48 88 

3 3() 53 37 

3 36 49 63 

3 36 51 i!5 

3 36 54 88 

0 t H 

12 1 15 43 

12 1 1575 

12 1 17-75* 

^9 88 50 78 

69 88 63.60 

69 88 64 83 

69 88 66.31 

69 88 6898 

69 88 58 79 

69 83 63.63 

0 / // 

41 51 11.50 
Add.... 2.00 

41 51 13 50 

MeunH 1 16 61 

Add 8 00 

Moutlambcrt Lamp 
and 

Fiennes. 

6°1 s'l M .67 

61 81 8704 

61 81 89.85 

51 81 33.16 

61 81 30.39 

12 1 18.11 

Mean 3 36 51 38 
Subtract. 00 

Dover Station, 
nnd 

DoverCastlcFIag-stnff 

0 / M 

0 2 33.66 

6 2 35 38 

0 2 37.69 

Mean 69 22 53 45 

Folkstone Staffs and 
Soutl) Foreland 
High Light. 

17 64 17.50 
Add.... 2.00 

3 36 49 38 

Noire Dume Calais, 
and 

Folkstonc Staff. 

fni 56 '44 94 

131 .56 3922 

131 .56 3793 

131 56 37-43 

Mean 51 31 30.00 

Mean 0 2 35 58 

17 54 1950 

Centre of Dunkirk 
Tower, and Notre 
Dame Calais. 

0/4/ 

5 13 50.87 

5 13 49 98 

5 13 50.91 

5 13 50.28 

Tolsford, 

and 

Fairlight Staff. 

27 45 41 86 

27 45 42 62 

27 45 37 13 

27 45 36.25 

Folkstone Lamp, and 
Soudi Foreland High 
Light. 

17 54 11.27 

Mean 131 56 39 88 

Add .... 2 00 

131 56 41.88 

17 54 11.27 

Fairliglit, nnd South 
Forcliuid High Light. 

0 / // 

Folk&tonG I^iinin. and 

Mean 5 13 50.51 

Mean 27 45 39 46 
Subtract . . 0.49 

^ \/ 1 Iw 0 Irv ta V ClllU 

South Foreland Low 
LigliU 

84 life SS 

DoverCastleFl^-stoil 

and 

Notre Dame Calais. 

U9 55 22.50 

119 55 27.19 

49 16 42.54 

87 46 38.97 

49 16 48.64 

Tolsford, 

and 

Fairlight Lamp. 

h 46 38 23 

27 45 39 86 w 

27 45 38-75 

Folkstoiie Staff, and 
South Foreland 
Low Light. 

1*7 34 16.37 

Add.... 8 00 

17 84 16.56 

Fairlight, and Sooth 

Ff^rpliinrl 

Meanll9 65 84.84 

0 ^ 

48 46 47.88 


17 24 18 37 


48 46 4^83 
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Angles derived at Blancnez. 


Montlambert and Folkstonc 107 18 SJi.90 

l^.lk.an«,andIV.bfbrd<i!li^^ 3 30 00.00 

Montlambert and Tolsfurd 10:{ \>i .'i.Hl 

Fairlight and Folkstone :i 1.1.1 

Tolsford and Folks torn* ^ 3G .'lO.O'J 

Fairlight and Tolsford 27 45 41. ot 

Fairliglit and Tolsford (observed) a . a . # a a 27 45 .18.!)5 

Mean, a . . Fuirligrtt and Tolsford ^*7 45 


, The Station at Blancnez is in a right line drawn from the Ball of Notre Dame, Calais, to a |>oiiit 
upon the wall of the Guard*houKc, distant from the north edge of the house 4 feet .1.25 inches, and 
from the north-east edge 14 feet 10.3 inches. Mra (lARnKHi cut a cross upon the wall, iniirking this 
point. The distance on the ground from a vertical line passing llirough the rros.s to the Station is 
107 feet $ inches. ^ 


At Montlamljcrt. 



Folkstone Lamp 
and 

Blancnez. 


DungeiicsS) 

and 

Folkstone Lump. 


Dungcncss 

and 

Blancnez. 

Two Miiruscopr-i. 

Olwervcrfl. 

Two Micro(«opes. 

Obwnrera. 

Two MicriHCopOT. 

Observers. 

Ka 

A. 

G. 

M. 

C. 

A. 

K. 

A. 

A. 

A.&C. 

47 39 18.36 

47 .19 19.44 

47 39 31.00 

47 39 19.76 

47 .19 30.76 

47 .19 18.87 

47 39 16.93 

47 39 17.19 

47 39 17.36 

47 39 16.60 

m 

37 66 66.62 

c. 

A.C. 

75 5 } 13.63 

7.1 .51 14.87 


IIQIIQIIII 

Mean. . 

....7.1 .11 14.35 

A. 

Dungeness, 

and 

Fairlight Lamp. 

10 47 64.25 

C. 

8. Foreland Light 
nnd 

Folkstone. 

14 .16 lS.13 

Mean. . 

mQQQiii 


10 47 64.35 


14 36 16.12 

in 

Fairlight Lamp 
and 

■ 

Fairlight Mill 
* and 

1 ' 

8. Foreland Light* 
and 

H| 

Tolsfoida 


Folkstone. 


Folkstone. 


^'W tti- 

A.C.AK. 

& &48 

A. AC. 

o * " 

14 £8 46JS 

■■ 

3S 63 1.63 


38 46 0.46 

r 

14 68 42.6 


* Tkiir ai« ah HAu at the South Foreland, the High and the 
2o2 


Low Light. 
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Montlambert (Continued). 



Fairlight Lamp 
and 

Folkstonc Lamp. 


Tolsford 

and 

Blancnez. 

■ 

Fiennes 

and 

Blancnez. 

ObMTwrs. 

Tiro Microscopes. 

Obseners. 

Two Microscopes. 

Obsenrert. 

Two MieroKopei. 

A. 

K. 

C. 

A. 

K. 

C. 

A.&C. 

0 * // 

38 44 55.94 

38 44 67.44 

38 44 50.38 

38 44 52.44 

38 44 54.50 

38 44 52.89 

38 44 56.75^ 

c. 

c. 

A.&C. 

D ^ r/ 

53 31 8.79 

53 31 12.00 

53 31 6.44 


34 87 39.68 

34 87 40.06 

34 87 37.68 

34 87 39.79 

34 87 41.37 

34 87 39.73 

34 87 41.07 

34 87 39.18 

34 87 40.31 

34 87 38.68 

34 87 38A0 . 

34 87 40.88 

34 87 40.98 

Mean SS 31 $.08 

c. 

c. 

A.&C. 

Fiennes 

and 

Tolsford. 

0 / // 

87 58 48.58 

87 58 50.50 

87 58 47.36 

C. 

A. 

K. 

C. 

A. 

38 44 52.6.3 

38 44 52.57 

38 44 55.75 

38 44 49.92 

38 44 49.87 

Mcftiit . 

38 44 53 42 





Mean. . 

....87 58 48.81 

Moan. . 

. ... 34 27 39 . 8 S 

C. 

A./ifC. 

Tolsford, 

and 

Folkstone Staff, 

0 / // 

5 51 52.32 

5 51 49.56 

1 



Mean. . 

.... 5 51 50.94 


Angles derived at Montlambert. 


0 1 II 

Fairlight and Folkstone 38 44 53.43 

Tolsford .ind Folkstone . 5 51 50.94 

0 1 II 

Folkstone and Blancnez 47 89 18.49 

Tolsford and FollUtone ........ 5 51 50,94 

Fairlight and Tolsford 32 53 2.49 

Fiiirlightand Tolsford (observed) 32 53 1,62 

Tolsford and Blancnez 58 81 9.48 

Tolsford and Blancnez(observed)58 81 9.08 

Mean. .. .Fairlight and Tolsford 32 53 2.05 

Mean. . . .Tolsford and Blancnez 58 81 9.25 

Fairlight and Folkstone 38 44 53.43 

Folkstone and Dlancnes 47 39 18.49 

The Station at Mondambert is on the North 
Bastioiii about 7i feet from the angle, laeflumring 
from the foot of the parapet, and equally distant 
from the faces. 

Fairlight and Blancnez »••••. 86 24 11.91 
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Observations of the Pole Star. 

1821, October 3rd, at Blancuez. In the evening. Chronometer slow 1“ 46*.4 

on 'Mean Time. 


Readings. 

Ndtre Dame, Calais 49' 4.'}".U(t 

South Foreland High Light 117 47 13 

South Foreland Low Light 117 17 is .r>3 


Chronometer. 

Mean Horary 
Anglo. 

Reeding at the Star. 

Mean Reading at tho 
Star. 

Azimuth. 

lUaiiing at Uie 
Mi'ridiaii. 

h m a 

5 59 93.5 

6 6 53.0 

0 # « 

91 8 4 

l6l 38 4&50 
164 39 3.19 

0 * It 

164 38 54.81 

0 t // 

9 35 59 

0 / u 

169 9 55.81 

6 13 10.0 

6 16 48.0 

88 10 34 

164 .39 10.95 
164 .39 19.00 

164 39 11.12 

9 36 14 

169 9 57.19 

6 18 35.0 

6 90 5.0 

87 3 46 

164 39 11.37 
164 39 11.69 

164 39 11.49 

9 36 1.3 

169 9 58.49 

6 91 91.0 

6 93 16.0 

86 19 46 

164 39 9.87 
164 39 8.75 

164 39 9.31 - 

2 .36 10 1 

169 9 59.31 



Telescope inverted. 



6 43 49.0 
* 6 46 19<0 

80 37 90 

164 38 19.95 

164 37 59.37 

164 38 5.81 

9 34 56 ^ 

1 169 3 9.H1 




Roadiiiga. 



South Foreland High Light . . 




South Foreland Low Light . . 


17 22.53 



1822, August 25th, at Fairlight. In the morning. Chronometer slow 7”.64 

on Mean 'Hme. 

Reading. 

Summit of the Spire of a Church 134'* 18' 39".30 


Chronometer. 

Mean Horary 
Angle. 

Reading at the Star. 

Mean Reading ot the 
Star. 

Aaimutb. 

Reading at the 
Meridian. 

b m a 

8 58 48.50 

9 1 11.50 

0 / H 

94 19 49 

13? 47 31.0 

135 47 44.0 

^ t n 

135 47 87.5 

0 f « 

9 34 54 

0 t u 

138 99 31.50 



1 elescope inverted. 



9 98.00 

9 U 98.30 

97 97 58 1 

186 48 33.75 
185 48 46.65 

185 48 40.9 

9 33 45 1 

138 29 95.90 


Summit of the Sptra 134° 19' 0".27 


Much motion in the Spire. 
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1822, Aui,nist 2.')th, at Fairlight. In the evening. Chronometer slow 3“ 7*.64^ 

on Mean Time. 

Reading. 

Wrotham Lamp 112*’ 55' 


Clirunutuctcr. 

Mean Horary 
Angle. 

Reading at the Star. 

Mean Heading at tlie . 
Star. 

Aaimuth. 

Reading at the 
Meridian. 

h m • 

H 39 9 

8 42 59 

8 45 59 

8 48 27 

0 * « 

89 59 A3M 

88 22 14 

14S S8 

140 fiS 11.00 
140 S8 14.65 
140 68 14.80 

• / // 

140 58 8.6s 

140 68 14.7S 

0 / r/ 

2 35 46 

2 35 52 

0 f M 

138 22 22.62 

138 22 22.72 • 



Telescope inverted. 


. 

8 52 20 

8 51 25.7 

8 58 15 

86 49 28.4 

85 36 16 

140 58 18.60 
140 58 16.65 
140 58 8.55 

140 58 17.63 

140 58 8.55 

2 35 49 

2 35 44 

138 22 28.62 

138 22 24.55 . 



Reading. 

112° .W' :i3".00 




r • 





August 2(5th, at Fairliglil. la the evening. Chronometer slow 3™ 9".9 on 

Mean Time. 

Rnading. 

WruUuim Lamp 99^ 5G' 33",97 


Chronometer. 

Moan Horary 
Anglo. 

Uoading at tlia .Star. 

Moan Reading at the 
Star. 

Aaimuth. 

Reading at tlic 
Meridian. 

h m a 

8 39 42 

8 41 51 

K 44 4 

8 46 22 

Q ! n 

89 2 12.50 

87 55 24 

127 39 18.20 

127 39 21.35 

127 39 24.05 

127 39 22.40 

or// 

1S7 39 19.8O 

137 39 33.33 

0 / // 

3 35 60 

3 35 51 

0 / // 

125 3 29.8 

125 3 32.22 



Telescope inverted. 



8 49 50 

8 51 54 

8 .53 55 

8 55 22 

86 30 25.50 

85 33 38.50 

127 39 18.05 

127 39 14.45 
127 39 11.65 
127 39 8.80 

137 39 16.35 

137 39 10.33 

3 35 49 

3 .35 44 

135 3 37.36 

135 3 36.33' 


Wrotlhmi 

Heading. 

Lamp 90® 30’ 35".S8 

Miieli motion in the Lamp. 
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August 27tli, at Fairlight. In the evening. Chronometer slow 3" 12M on 

Mean Time. 

Rending. 

Tolsford Lamp 1° 48' 41 ".iO 


Chronometer. 

Mean Horary 
Angle. 

Reading at the Star. 

Mean Reading at the 
Star. 

Aaiinuth. 

Roudiiig at the 
Meridian. 

h m 1 

8 :iG 59 

8 39 30 

0 / // 

88 39 33.50 

135 37 35.00 
135 37 38.80 

0 / " 

135 27 33.40 

o / w 

2.a35 51 

o * 

132 51 42.40 

8 40 49 

8 41 56 

8 43 3 

87 51 1.00 

87 35 49.00 

1.35 37 36.95 
1.35 37 36.60 
135 37 35.85 

135 87 36.77 

136 87 35.85 

2 35 52 

2 35 51 

1.32 51 44.77 

132 51 44.85 



Telescope inverted. 



8 45 19 

8 49 33 

8 50 44 

1 86 31 09.00 1 
1 85 30 15.00 

135 27 14.80 

1.35 27 38.45 

135 37 32.55 

135 87 81.68 
135 87 28.55 

8 35 48 

2 35 42 

1.32 51 3.3.62 

132 51 40.55 

Toltiford Lamp, . . 



Reuding. 

. . a . 4“ 48' il.V'.08 


September 7th, at Tolsford. In the morning. t:hronometer slow H" 40‘ on 

Mean Time. 

Reading. 

Folkstonc Staff 32' 27".*3 


Chronometer. 

Mean Horary 
Anglo. 

Reeding at the Star. 

Mean Heading at the 
Star. 

Aairouth. 

Reading at the 
Meridian. 

h m B 

7 35 27 

7 38 33 

O / M 

84 26 42.50 

11§ 89 33.45 
116 89 87.40 

Of" 

116 89 30.48 

0 < II 

S 36 14 

0 

119 

/ It 

5 44.42 

7 30 48 

7 36 46 

85 53 4.50 

116 39 32.10 

116 29 15.45 

1J6 39 1B.77 

2 36 25 

119 

6 4.3.77 

7 41 14 

7 43 48 

S8 80 13.00 

116 29 12.45 

116 29 13®45 

116 89 18.95 

8 36 38 

119 

6 44.95 



Telescope inverted. 




7 48 7 

7 49 38 

89 56 6 

116 89 1.60 

116 89 3.86 

116 89 8.78 

8 36 86 

1 119 

6 88.78 

7 61 34 

7 53 «6 

90 49 0 

116 39 7®55 
116 29 11.96 

116 89 59.7 

8 36 80 

119 

5 89.76 

8 3 33 

8 4 38.6 

93 37 5 

116 89 40.95 
116 89 46.50 

116 89 43.78 

8 35 46 

119 

5 89.78 


' ' FDlkMoiie Staff' 


Reading. 

84® S** 16''.« 
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Septembt'i' 19th, at Crowborough. In the morning. Chronometer slow 2“ 15* 

on Mean Time. 

Reading. 

Frant Church Staff 12® 4' 8'\55 


Chronometer. 

Mean Horary 
Angle. 

Reading at tho Star. 

Mean Reading at the 
Star. 

Azimuth. 

Reading at the 
Meridian. 

ii m H 

6' .59 30 

7 1 24 

7 * 37 

0 t u 

88 44 47^0 

89 17 23.00 

129 54 14..55 
129 54 17.60 
129 54 19.05 

0 * if 

129 34 16.07 
129 34 19.03 

Ota 

2 36 14 

2 36 12 

0 t tt 

132 30 30.07 

132 30 31.05 



Telescope inverted. 



7 4 22 

7 6 .32 

7 7 37 

7 8 48 

89 59 59.60 

90 38 43.00 

129 54 17.35 
129 54 19.20 
129 54 19.95 
129 54 22.55 

129 54 18.27 

129 54 21.25 

2 36 9 

2 36 5 

132 30 27.27 

132 30 26.23 


Frant Church Staff. 

Reading. 

19° A' r/M7 






' 



^September 20th, at Crowborough. In the morning. Chronometer slow 2® 17*.6 

on Mean Time. 

Reading. 

Frant Church Staff (motion) 12® 4' 22". 7 
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September 21st, at Crowborough. In the morning. Chronometer slow 2“ 19*.6 

on Mean Time. 

Reading. 

Front Church Staff ICO® IV ll".73 



Deductions from the preceding Tables, 


Blancncz. 

1821vOotober 3rd: Mean Rea^ng at the Meridian . . . . 162 ^57.68 

At N6tre Dame, Calms .... 51 49 43.06 
. * ' ’'-■ ■ ' ' 
Between Ndtre Dame Calais, and the Meridian .... 69 46 45.38 

* Between NAtre Dame Calais, and Fairlight 163 19 1 1.63 


Between Fairlight and the Meridian 93 32 26.25; 

Between fairlight and the Meridian, using the South Fore- \ 

land High Light 93 32 26.67| 


Between Fairlight and the Meridian, using the South Fore- 
l^d Low.I^ht . , . ^ 

I .1. Mean . . 
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O I II 

ilcadiiig' at the Meridian (the Telescope inverted) 162 3 9.81 

At the South Foreland High Light 117 47 16.21' 

Between tlie South Foreland High Light and the Meridian 44 15 53.60 

Between the South Foreland High Light and Fairlight . 49 16 42.54 

Between Fairlight and the Meridian (Telescope inverted) 93 32 36.14 

Between Fairlight and the Meridian, using South Foreland 

Low Light (Telescope inverted) 93 32 35.10 

Mean 93 32 35.62 

Mean (above) . . 93 32 26.60 

Between Fairlight and the Meridian 93 32 31.11 

Fairlight. 

1822, 25th August A.M. Reading at the Meridian . . . .138 22 31.50 

Spire of a Church . 134 18 59.30 

Between the Spire and the Meridian 4 3 32.20 

Between Folkstonc and the Spire 62 50 54.33 

Between Folkstono and the Meridian 58 47 22.13 

Between Folkstone and Blancnez 26 49 18.67 

Between Blancnez and the Meridian 85 36 40.80 

Reading at the Meridian (Telescope inverted) 138 22 25.20 

Spire of a Church 134 19 0.27 

Between the Spire and the Meridian 4 3 24.93 

Between Folkstonc and the Spiro 62 60 54.33 

Between Folkstonc and the Meridian (Telescope inverted) 58 47 29.40 

Between Folkstone and Blancnez 26 49 18.67 

Between Blancnez and the Meridian (Telescope inverted) 85 36 48.07 

Between Blancnez and the Meridian (above) 85 86 40.80 

Between Blancnez and the Meridian (Mean) 
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25th August P.M. Mean Reading at the Meridian .... 138 22 22.62 

Wrotham Lamp . . .112 5.5 34.10 

Between Wrotham and the Meridian 25 26 48.22 

Between Wrotham and Blancncz Ill 3 32.8/ 

Between Blancncz and the Meridian 85 36 44.65 

Mean Reading at the Meridian (Telescope inverted) . . . .138 22 26.58 

Wrotham Lamp • . . 112 55 ,33.00 

Between Wrotham and tlie Meridian 25 26 53.58 

Between Wrotham and Blancncz ......... 1 1 1 3 32.87 

JJetween Blancncz and the Meridian (Telescope^ iiivericd) 85 36 30.2!) 

Between Blancncz and the Meridian (above) 85 36 44.65 

Between Blancncz and the Meridian . . . Mean . . 85 3(5 4 1 .07 

26th August P.M. Mean reading at the Meridian . . . .125 '331.01 

Wrotham Lamp . . . 00 36 33.07 

Between Wrotham and the Meridian 25 26 67.04 

Between Wrotham and Blancncz 111 3 32.87 

Between Blancncz and the Meridian 85 36 35.83 

O I II 

Mean Reading at the Meridian (Telescope inverted) .... 125 3 26.7*3 
Wrotham Lamp 99 36 35.58 

Between Wrotham and the Meridian 25 26 61.15 

Between Wrotham and Blancncz 111 3 32.87 

Between Blancnez and the Meridian (Telescope inverted) 85 36 41.72 

Between Blancnez and the Meridian (above) 85 36 35.83 

Between Blancnez and the Meridian . . . Mean . . 85 36 .38.77 


2 H 2 
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O I II 

1 August P.M. Mean Reading at the Meridian . . . . 132 51 44.00 

Tolsford Lamp . . . . 4 48 41.5d 

Jlctween Tolsford and the Meridian 51 56 57.50 

Between Tolsford and Blaiicnez 33. 39 35.99 

Between Blanenez and the Meridian 85 36 33.49 


O I II 

Mean Reading at the Meridian (Telescope inverted) . . . . 132 51 37.08 
Tolsford Lamp 4 48 35.08 

Between Tolsford and the Meridian 51 56 58.00 

Between Tolsford and Blanenez 33 39 35.99 

Between Blanenez and the Meridian (Telescope inverted) 85 36 33.99 

Between Blanenez and the Meridian (above) 85 36 33.49 


Between Blanenez and the Meridian . . Mean . . 85 36 33 74 


At Fail-light, the Angle between the Meridian and Blanenez : 


August 25, A.M. . 

. 85 

36 

44.43 

P.M. . 

. 85 

36 

^1.97 

August 26, P.M. . 

. 85 

36 

38.77 

August 27^ P«M. . 

. 85 

36 

33.74 

Between the Meridian and Blanenez 

. 85 

36 

39.73 

Between Tolsford and Blanenez 

. 33 

39 

35.99 

Between the Meridian and Tolsford 

. 51 

67 

3.74 

Between Crowboroiigh and Tolsford 

. no 

30 

29.88 

Between the Meridian and Crowborough 

. 58 

33 

26.14 
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Tolsford. 

1822. September 7th, A. M. Reading at the Meridian . . .119 5 44.38 

Folkstoiie .... 34 32 27.40 

Between Folkstone and the Meridian 95 26 43.02 

Between Folkstone and Crowborougli m) 44 6.50 

Between Crowborough and the Meridian 9 i 17 23.48 

Mean reading at the Meridian (Telescope inverted) . . . .119 .5 29.39 
Folkstone 34 32 16.25 

Between Folkstone and the Meridian 95 26 46.86 

Between Folkstone and Crowborough 189 44 6.50 

f Bet ween Crowborough and the Meridian (Telescope i n verted) 94 1 7 1 0.64 

Between Crowborough and the Meridian (abofe) . . . 94 17 23.48 

Between Crowboniugh and the Meridian. . . Mean . 04 17 21.56 


Crowborough. 

• , O I II 

September 19th, A.M. Mean reading at the Meridian . . . 132 30 30.56 

Frant Church ... 12 4 8.55 

^Between Frant and the Meridian 59 33 37.99 

Between Tolsford and Frant 25 25 58.37 

Between Tolsford and the Meridian 84 59 36.36 

O ^ II 

Mejan reading at the Meridian (Telescope inverted) . . . . 132 30 26.76 
Frant Church 12 4 6.17 

Between Frant and the Meridian 59 33 39.41 

Between Tolsford and Frant 25 25 58.37 

Between Tolsford and the Meridian (Telescope inverted) . 84 59 37 .7S 

Between Tolsford and the Meridian (above) 84 59 36.36 

Between Tolsford and the Meridian. . . Mean . . . 84 59 37.07 
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September 20th, A. M. Mean reading at the Meridian . . .132 20 46.01 

Front Church ... 12 4 22.70' 

Iletwecn Fnint and the Meridian 69 33 37.69 

Fletwcen Tolsford and Frant 25 26 68.37 

Between Tolsford and the Meridian 84 69 36.06 

Mean reading at the Meridian (Telei^cope inverted) . . . . 132 31 2.30 
Frant Church 12 4 34.01 

Between Frant and the Meridian 59.33 31.71 

Between Tol.sford and Frant 25 25 58.37 

Between Tolsford and the Meridian (Telescope inverted) . 84 69 30.08 

Betwec'n Tolsford and the Meridian (above) 84 59 36.06 

Between Tolsford and tlic Meridian. . . Mean ... 81 59 33.07 

September 21st., A. M. Mean reading at the Meridian . . .100 40 3191 

Frant Chiireh . . . 160 14 11.73 

Between Frant and the Meridian 59 33 35.82 

Between Tolsfonl and Frant 25 25 68.37 

m 

Between Tolsfonl and the Meridian 84 59 34.19 

Mean reiuJing iit the Meridiiin (Teleseope inverted) .... 100 40 41.39 
Frant Church 160 14 18.66 

Between Frant and the Meridian 59 33 33.27 

Between Tolsford and Frant 25 25 58.37 

Between Tolsford and tlie Meridian ('felescope inverted) . 84 59 31.64 

Between Tolsford and the Meridian (above) 84 69 34.19 

Between Tolsford and the Meridian. . . Mean . . . 84 69 32.91 
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Simmartf. 

At Crowborough the Angle between the Mcridiiin and 

Tolsford — 19tb September, A. M 84 59 37.0/ 

20th September, A.M 84 59 33.07 

21st September, A.M 84 59 32.91 

Between the Meridian and Tolsford 84 59 34.35 

Betw’een Crowborough and Fairlight 30 5 21.01 

Between the Meridian and Fail-light 121 1 58..30 
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X. On the phcenomena of volcanoes. By Sir Humphry Dav\', Bart FJtS, 
Read March SO, 18S8. 

When in the years 1807 and 1808 I discovered that the alkalies and the 
earths were composed of inflammable matter united to oxygen, a number of 
inquiries suggested themselves with respect to various parts of chemical 
science, some of which were capable of being immediately assisted by experi- 
ment, and others required for their solution a long series of observations, and 
circumstances obtained only with difliculty. Of the last kind were the infer- 
ences concerning the geological appearances connected with these discoveries. 

The metals of the alkalies, and those of such of the earths as I hiid decom- 
posed, were found to be highly combustible, and altered by air and water 
even at the usual temperatures of the atmosphere ; it was not possible, conse- 
quently, that they should be found at the surface of the globe, but probable 
that they might exist in the interior: and allowing this hypothesis, it became 
easy to account for volcanic fires, by exposure of the metals of eailhs and 
alkalies to air and water ; and to explain, not only the formation of lavas, but 
like^se that of basalts and many other crystalline rocks, from the slow 
cooling of the products of combustion or oxidation of the newly discovered 
substances. 

^developed this opinion in a paper on the decomposition of the earths, 
published in 1808; and since 1812 I have endeavoured to gain evidence 
respecting it by examining volcanic phaenomena of ancient and recent occur- 
rence in various parts of Europe. 

In this communication I shall have the honour of laying before the Royal 
Somety some results of my inquiries. If they do not solve the problem 
respecting the cquse of volcanic fires, they will, I trust, be found to offer some 
elucidations of thfi subject, and may serve as the foundation of future labours. 

The active volcano on which I have made my observations is Vesuvius ; 
and there probably does not exist another so admirably fitted for the puipose : 

MDCCCXZVin. 2 1 
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its vicinity to a great city; the facility with which it maybe ascended in every 
season of tiu* year; and the nature of its activity, — all offer peculiar advantages 
to the philosophic inquirer. 

I had made several observations on Vesuvius in the springs of 1814 and 
IHlii, which I shall refer to on a future occasion in these pages ; but it was in 
December J8IU, and January and February 1820, that the volcano offered the 
most favonrciblc opportunity for investigation. On my arrival at Naples, Dec. 4, 
I found that there had been a small eruption a few days before, and that a 
stieain of lava was flowing with considerable activity from an aperture in 
the mountain a little below the crater. On the 5th I ascended the mountain, 
and examined the crater and the stream of lava. The crater emitted so lai^ 
a quantity of smoke, with muriatic and sulphurous acid fumes, that it was 
impossible to approach it except in the direction of the wind ; and it threw up 
eveiy two or three minutes showere of red hot stones. ITie lava was flowing 
from an aperture about one imndred yards below it, being apparently forced 
out by clastic fluids with a noise like that made by the steam disengaged from 
a pressure engine : it rese, perfectly fluid, fonning a stream of from five to six 
feet in diameter, and immediately fell, as a cataract, into a chasm about forty 
feet below, where it was lost under a kind of bridge formed of cooled lava ; 
but it re-appeared sixty or seventy yards fiirther down. Where it issued from 
the mountain, it was nearly white hot, and exhibited an api)eai*ance similar to 
j that wdiich is shown when a pole of wood is introduced into the melted copiicr 
of a foundiy, its surface appearing in violent agitation, large bublfles rising, 
w^hic!h in bursting proiluccd a white smoke ; but the lava became of a red 
colour, though still visible in the sunshine, where it issued from under^he 
bridge. The force with which it flowed was so great, that the strength of 
the guide, a very stout young man, was insufficient to keep a long iron rod 
in the current. The whole of its course, with two or three interruptions 
where it flowed under a cooled surface, was nearly three quarters of a mile, 
and it threw off clouds of a white smoke. It smoked less -ae it cooled and 
became pasty ; but even where it terminated in moving masses pf aeoria, 
smoke was still visible, which became more distinct whenever the oeorta was 
moved, or the red hot lava in the interior exposed. 

Having ascertained that it was possible to tqiproach wilhin fimr dP five feet 
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of the lava, and to examine the vapour iiimicdiately close to the aperture, I 
"returned the next day, having provided the means of making a iiuml)er of ex- 
periinents on the nature of the lava, and of the elastic Huids \yith which it was 
accompanied. I found the aperture nearly in the same state as the day befoi'c, 
but the lava spread over a larger surface, forming an eddy in the hollow of the 
rock, over which it fell, from which it could be raised ii| an iron ladle more 
easily than from the current, and where there wiis much more facility ot* 
placing and withdrawing substances intended to be exposed to its agency. 

One of the most important points to be ascertained was, whethiM- any com- 
bustion was going on at the moment the lava issued from the mountain, 
llierc was certainly no appearance of more vivid ignition when it was exposed 
to air, nor did it glow with more intensity when it was raised into the air by 
an iron ladle. I put the circumstance, however, beyond the possibility of 
doubt : 1 threw some of the fused lava into a gkiss bottle furnished with a 
ground stopper, containing siliceous sand in the bottom : I closed it at the 
moment, and examined the air on my retuim. A measure of it inixeii with 
a measure of nitrous gas gave exactly the same degn^e of diminution ns a 
measure of common air which had been collected in another bottle on the 
mountain. 

1 threw upon the surhice of the lava nitre, both in mass and in powder. 
After this salt had fused, there was a little increase of vividness in the ignition 
of the lava, but much too slight to be refen*ed to pure combustible matter in 
any quantity ; and on making the experiment on a portion of lava taken up in 
the ladle, it appeared that the disengagement of heat was partly owing to the 
peftnddation of the protoxide of iron> and to the combination of the alkali of 
the nitre with the earthy basis of the lava; for where the nitre had melted, the 
colour had changed from olive to brown. This conclusion was still further 
proved by the circumstance that chlorate of potash thrown upon the lava did 
not increase its degree of ignition so much as nitre. When a stick of wood 
was introduced , into a portion Of the lava so as to leave a little oarbtmaceous 
matter on itasuslEmei nitse or ^Ionite of potassa then thrown upon it caused it 
to glow with great ^btiOiaiicy. Some fused lava was thrown into water, and a 
gjass bottle filled with water held over>it to ccdlect the gas disengaged ; it was 
m;ver)r minotO quantity oolyy and wheh analysed on tny return proved to be 

2 1 2 « 
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common air a little less pure than that disengaged from the water by boifing; 
A wire of copper of i/^th of an inch in diameter, and a wire of silver of ^th, 
tmdiiced into the lava near its source, were instantly fused : an iron rod of fth 
of an incli, with a piece of iron wire of about B^th, were jkept for five minutes in 
the eddy in the stream of lava : they were not fused $ they did not produce any 
smell of sulphurettqjd hydrogen when acted on by muriatic acid. A tin-plate 
funnel filled with cold water was held in the fumes disengaged with so much 
violence from the aperture through which the lava ' issued t fluid was im- 
mediately condensed upon it, which was of an acid and subastringent taste. 
It did not precipitate muriate of baryta; but copiously precipitated nitrate of 
silver, and rendered the triple prussiate of potassa of a bright blue. When the 
same funnel w&s held in the white fumes above the lava where it entered the 
bridge, no fluid was precipitated upon it, but it became coated with a white 
powder which had the taste and chemical qualities of common salt, and 
proved to be this substance absolutely pure. A bottle of water holding about 
} of a pint, with a long narrow neck, was emptied immediately in the aperture 
from which the vapours pressing out the lava issued, and the neck was im*? 
mediately closed. This air exaimned on my return was found to give no 
absorption with solution of potassa; so that it contained no notable proportion 
of carbonic acid, and it consisted of 9 parts of oxygen and 91 of azote. There 
was not the least smell of sulphurous acid in the vapour from tlie aperture, nor 
were the fumes of muriatic acid so strong as to be unpleasant ; but during the 
last quarter of au hour tliat I was engaged in these experiments, the wind 
changed, and blew the smoke from the crater upon the spot where I was 
standing: the sulphurous acid gas in the fiimes was highly irritating to the 
organs of respiration, and I sufiered so much from the exposure to them that 
I was obliged to descend; and the effect was not- transient, for a, violent 
catarrhal affection ensued, which prevented me for a month from again ascend:* 
ing the mountain. . . 

On the Gth of January I mode another visit toYesuvius. I found tbe appear- 
ance of the lava considerably clumged ; the boccaTrom whidi it.issued oiuthe 
5th of December was closedi'and tbe current now: flowed quietly and »hdthout 
noise from a chasm in the cooled lava about three hundred feet 4ower^dowm 
The heat was evidently less intense. I repeated my expdriniente/irithtiUare-v^ 
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the same resuhs, and exposed pure silver and platinum to the fused lava : they 
'were not at all changed in colour. I collected the sublimations from vai*ious 
parts of the cooled lava above. The rocks netw the ancient bocca were 
entirely covered with white, yellow, and reddish saline substances. 1 found 
one specimen of large saline crystals in a cavity, which Imd a slight tint of 
purple : this examined, proved to be common salt with a minute portion of 
muriate of cobalt. The other sublimations consisted of common salt in great 
excess, much chloride of iron, some sulphate of «oda ; and by the test of mu- 
riate of platinum, there appeared to exist in them a small quantity of sulpliate 
or muriate of potassa ; and a solution of ammonia detected the presence of a 
minute quantity of the oxide of copper. 

During the months of January and February I made several visits to the 
top of Vesuvius : i shall not particularize them all ; but sliull mention only 
such as afforded me some new observations. On the 26th of January, the lava 
was seen nearly white hot through a cliosm near "the place where it flowed 
from the mountain. 1 threw nitre upon it in large quantities thi-ougU this 
chasm, in the presence of H. R. li. the Prince of Denmark, whom 1 had the 
honour of accompanying in this excursion to the mountain, and my friend the 
Cavaltere Montioelli : there was no more increase of ignition than when the 
experiment was made on lava exposed to the free air. The appearance of the 
sublimations was. now considerably changed: those near the aperture were 
coloured green and blue by salts of copper ; but there was still a great quan- 
tity of muriate ( of iron. . I have mentioned, that on the dth the sublimate of 
the lava was pure chloride of sodium : in the sublimate of January 6th, there 
were bqthr sulphate of ’ soda and indicaUans of sulphate of potassa. In the 
sublimates that. 1 epllected ion the 26th, the sulpliate of soda was in much 
larger ‘quantities, and there was much more of a salt of potassa. From the 
bth of December to;the 20th of February, the lava flowed in larger or smaller 
quantities, so that at night a stream of ignited matter was always visible, more 
orllcp^iintfSTiiptediby oooM 'lava.'^ It ohanged its direction according to the 
obttaclm^itmd; driUt^r andineveivaQt^rdiiigtOiappeaxa^ extended so modi 
m aHDDaieidNm|{Ha{Spdm»*{iDmnng.tho whole of.Chu time the oroters, of whidi 
tlwidwm4WovWeiro lR«ac4iv^ llm>hugRt:itamr threw up showers 
flShm?itidiWaaa4i4o<a)hffgtiliR^ finmEOOtofloafBet; and. from a 
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smaller cniter, to the right of the large one on the side of Naples, steam arose 
with gi-eat violence. Whenever the crater could be approached^ it was found 
iiicnistcd with saline incrustations ; and the walk to the edge of the small 
crater on the 6th of January was through a mass of loose saline matter, prin- 
ci[)ully common salt coloured by muriate of iron, in which the foot sunk to 
some depth. It was easy, even at a great distance, to distinguish between the 
steam disengjiged by one of the craters, and the earthy matter thrown up by 
the other. Tlie steam appeared white in the day, and formed perfectly white 
clouds, which reflected the morning and evening light of the purest tints of 
red and orange. 'J'hc earthy matter always appeared as a black smoke, form- 
ing black clouds ; and in the night it was highly luminous at the moment of 
the explosion. 

On the 20th of February, the small crater which had been disengaging 
steam and clastic matter, b^n to throw out showers of stones ; and both 
craters from the 20th to the 23rd were moi*e than usually active. On the night 
of the 23rd, at half past 1 1 o’clock, being in my bed-room at Chiatimone, 
Naples, I heard the windows shake ; and going to the window, I saw ascending 
from Vesuvius a column of ignited matter to a height at least equal to that of 
the mountain from its base ; and the whole horizon was illuminated, notwitlv* 
standing the brightness of tlie moon, with direct volcanic light, and that 
reflected from the clouds above the column of ignited matter. Several crup* 
tioiis of the same kind, but upon a smaller scale, followed at intervals of a 
minute and a half or two minutes ; but there were no more symptoms of 
earthquake, nor did I hear any noise. On observing the lava, it appeared at 
its origin much broader and more vivid ; and it was evident that a fresh stream 
had broken out to the right of the former one. On the morning of the 24th 
I visited the mountain ; it was not possible to ascend to the top, which was 
(hovered with clouds, nor to examine the orifice from which the lava issued. 
The stream of lava near the place where it tenninated was from 60 to 100 feet 
bi'oad. It had precisely the same appearances as the lava which had been so 
long running. 1 collected the saline matter condensed upon some of the 
masses of scoria which were carried along by the current and dqpioeited on 
the edge of the stream ; they proved to be the same in the nature of their 
constituent parts as those of the lava of the 26tb of January, but with a 
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larger proportion of salphate of soda, and a smaller proportion of muriate of 
fron ; and 1 faRve no doubt that the dense white smoke which was emitted in 
Immense columns by the lava during the whole of its course, was produced by 
the same substances. 

I shall now mention the state of the volcano at some other periods. 

When I was at Naples in May 1814, the crater had the appearance of nn 
immense funnel, closed at the bottom, with many small apertures emitting 
steam ; and on the side towards Torre del Greco, there was a large aperture 
from which flame issued to a height of at least GO yards, producing a most 
violent hissing noise. This phsenomcnon was constant during tlie three weeks 
I remained at Naples. It was impossible to approach sullieicutly near tiie 
flame to ascertain the results of the combustion ; but a considerable quantity 
of steam ascended from it. When the wind blew the vapours upon ns, then* 
was a distinct smell both of sulphurous and muriatic acids. There was no 
indication of crnlKmaceous mutter from the colour of tlie smoke ; nor was any 
deposited upon the yellow and white saline matter which suiroundcd the crater, 
and which I found to be principally sulphate and muriate of soila, and mu- 
riate of iron : in some specimens there was a considerable quantity of muriate 

ammonia. 

In March 1815, the appearances presented by the crater were entirely dif- 
ferent. ITiere was no aperture in the crater; it was often quiet for minutes 
together, and then burst out into explosions with considerable violence, sending 
fluid lava and ignited stones and ashes to a considerable height, many hundred 
feet, in the air. 

These eruptions were preceded by subterraneous thunder, which appeared 
to come from a great distance, and which sometimes lasted for a minute. 
During the four times that I was upon the crater in the month of March, I 
had at last leamt to estimate the violence of the eruption from the nature of 
the sound t loud and long continued subterraneous thunder indicated a consi. 
derable explosion. Before the eruption the crater appeared perfectly tranquil ; 
Olid the bottom, "U]M>“*****^y without an aperture, was covered with ashes. 
Soon, hadittlnet rmtiblii^: semds were heard as if at a great distance ; gra- 
Anall y, tha souad appfoadiied nearer, and was like the noise of artilleiy fired 
under os# feet; r Wie ashfo then began to rise and to be thrown out with 
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smoke from the bottom of the crater ; and lastly^ the lava and ignited matter 
was ejected with a most violent explosion. 1 need not say thiit when I was 
standing on the edge of the crater witnessing this phaenomenon^ the wind was 
blowing strongly from me : without this circumstance it would have been 
dangerous to have stood on the edge of the crater ; and whenever from the 
loudness of the thunder the eruption promised to be violent, I always ran as 
far as possible from the seat of danger. 

As soon as the eruption had taken place, the ashes and stones which rolled 
down the crater seemed to iill up the aperture, so that it appeared as if the 
Ignited and elastic matter were discharged laterally ; and the interior of the 
crater assumed the same appearance as before. 

1 shall now offer some observations on the theory of these phenomena. It 
appears almost demonstrable that none of the chemical causes anciently 
iissigned for volcanic fires can be true. Amongst these, the combustion of 
iiiinera] coal is one of the most current ; but it seems wholly inadequate to 
account for the phenomena. However large a stratum of pit-coal, its com*^ 
bastion under the surface could never produce violent and extensive heat i for 
the production of carbonic; acid gas, when there was no free circulation of air, 
must tend constantly to impede the process : and it is scarcely possible that 
carbonaceous matter, if such a cause existed, should not be found in the lava, 
and be disengaged witli the saline or aqueous products from the bocca or 
craters. There are many instances in England of strata of mineral coal which 
have been long burning ; but the results have been merely baked clay and 
schists, and it has produced no result similar to lava. 

If the idea of Lem^ry were coiTect, that the action of sulphur on iron may 
be a cause of volcanic fires, sulphate of iron ought to be the gi*eat product of 
flu; volcano ; whicli is known not to be the case ; and the heat produced by the 
action of sulphur on the common metals, is quite inadequate to account for 
tlic appearances. When it is considered that volcanic fires occur and mteimit 
with all the phsenoinena that indicate intense chemical action, it seems not 
unreasonable to refer them to chemical causes. But for phenomena upon^soch 
a8cale,an immense mass of matter must be in activity, and the productVof the 
volcano ought to give an idea of the nature of the substances primarily active. 
Now what arc these products? Mixtures of the earths in, an oxidated andb? 
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fused state^ and intensely ignited ; water and saline substances, such as niiglit 
lie furnished the sea and air, altered in such a manner as might be expected 
from the formation of fixed oxidated matter. But it maybe said, if the oxida- 
tion of the metals of the earths be the causes of the phoenomena, some of these 
substances ought occasionally to be found in the lava, or the coinbustion ought 
to be increased at the moment the materials passed into the atmosphere. But 
the reply to this objection is, that it is evident that the changes Mdiich occasion 
volcanic fires, take place in immense subterranean cavities ; and that tlie 
access of air to the acting substances occurs long before they reach the exterior 
surfiice. 

There is no question but that the ground under the solfaterra is hollow, and 
there is scarcely any reason to doubt of a subterraneous communication be- 
tween this crater and that of Vesuvius : whenever Vesuvius is in an active 
statey the solfaterra is comparatively tranquil. I examined the bocca of the 
solfaterra on the 2l8t of February 1820, two days before the activity of Vesu- 
vius was at its height: the columns of steam which usually arise in large quan- 
tities when Vesu^dus is tranquil, were now scarcely visible, and a piece of 
paper thrown into the aperture did not rise again ; so that there was every 
reason to suppose the existence of a descending cttirent of air*. The subter- 
raneous thunder heard at such great distances under Vesuvius, is almost a 
demonstration of the existence of great cavities below filled with aeriform 
matter: and the same excavations which in the active state of the volcano 
throw out during so great a length of time immense volumes of steam, must, 
there is every reason to believe, in its quiet state become filled with atmospheric 
air-fv 

To what extent 8td)terraneou8 cavities may exist even in common rocks, is 
shown in the limestone caverns of Camiola, some of which contain many 
hundred thousand cubical feet of air; and in proportion as the depth of an 
exeavarien is greaiter, so is the air more fit for combustion. 


• In 1814,ai.UlSk^«d in ^wiiaty 1819, whSil Veravis* win tiontMaitivdy tranquil, I observed 
the «P «ilphm»tt«l 


hydrogen. *..v**<^ j- » ^ ,• '*• 

'f' VeraVint' ^ a^miipaKl y ^^ed, froin iti ud litufttion, for , experunenti on (lie ^ 

eflMivf tte fa dUt m, to Ifafannfao the ptoblcm 

ofiucaviti^ On Etas, the problem might be wdved on a lirger lode. 
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The same circumstance which would give alloys of the metals of the earths 
the power of producing volcanic phaenomena, namely, their extreme facility ot 
oxidation, must likewise prevent them from ever being found in a pure com- 
bustible state in the products of volcanic eruptions ; for before they reach the 
external surface, they must not only be exposed to the air in the subterranean 
cavities, but be propelled by steam ; which must possess, under the circum- 
stances, at least the same facility of oxidating them as air. Assuming the 
hypothesis of the existence of such alloys of the metals of the earths as may 
burn into lava in the interior, the whole phsenomena may be easily explained 
from the act ion of the water of the sea and air on those metals ; nor is there 
any fact or any of the circumstances which I have mentioned in the preceding 
part of this paper, which cannot be easily explained according to that hypo- 
t hesis. For almost all the volcanoes in the old world of considerable magnitude 
arc near, or at no considerable distance from the sea : and if it be assumed 
that the first eruptions are produced by the action of sea water upon the metals 
of the earths, and that considerable cavities are left by the oxidated metals 
thrown out as lava, the results of their action are such as might be antici- 
[)atcd ; for after the first eruptions, the oxidations which produce the subse- 
quent ones may take place*in the caverns below the surface ; and when the 
sea is distant, as in the volcanoes of South America, they may be supplied 
with water from great subterranean lakes ; as Humboldt states that some of 
them throw up quantities of fish. 

On the hypothesis of a chemical cause for volcanic fires, and reasoning from 
known facts, there appears to me no other adequate source than the oxidation 
of the metals which form the bases of the earths and alkalies ; but it must not 
be denied that considerations derived from thermometrical experiments on the 
temperature of mines and of sources of hot water, render it probable that the 
interior of the globe possesses a very high temperature : and the hypothesis of 
the nucleus of the globe being composed of fluid matter, ofiers a still more 
simple solution of the phenomena of volcanic fires than that which has been 
just developed. 

What(‘ver opinion may be ultimately formed or adopted on this subject, I 
hope that these inquiries on the actual products of a volcano in eruption 
will not be without interest for the Royal Society. 
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XL Abstract of a metenrohglcal journal hept at Benares timing the pears 1824, 
1 825, and 1 826. Bp James Prinsep, Esq, Assay Mastes* of the mint at Benares. 
Communicated by Peter Mark Roget, M.D. Seci'etary of the Royal Society. 

Read January 25, 1828. 


The three principal Tables, each of which comprises the abstmet for one 
year of the meteorological journal at Benares, are followed by two others, 
numbered 1. and 11., presenting the mean daily oscillations of the barometer, 
and the monthly deviations from its average height, for each month during 
four successive years, accompanied by the corresponding variations of the ther- 
mometer from its mean. Tliesc tables exhibit the remarkable coincidence pre- 
served by these phenomena throughout the year. 'The indications of the ba- 
rometer are all roduced to the freezing point by Dulong and Petit*s formula 
for the dilatation of mercury. I have inserted in the first column of Table I. 
the mean of three years* observations made at Berhampoor by Dr. A. Russel ; 
but the instrument employed being of the mountain construction, the mercury 
did not move freely in the tube, which will account for the oscillations being 
uniformly less than those measured by myself. Mr. Daniell has noticed the 
liability of barometers to deteriorate from the accumulation of air bubbles 
above the mercury: to obviate this cause of eiTor, 1 niade frequent com- 
parisons with one of Wollaston’s boiling thermometers. From October 1 828 to 
August 1825, the error from this cause amounted to .046 inch, and 1 deemed it 
necessary to reboil the barometer ; it then stood, as nearly as possible, correct 
once more. All of my tables have been cleared of the minute error thus found. 

As a graphic representation more readily enables the eye to estimate the 
agreement of two lines in motion, 1 have delineated in a diagram the courses 
indicated by Table IL, only reversing the direction of one curve, that the two 
lines may be collateral with respect to the centre line which stands for the 
annual mean. The scales at the sides will explain the formation of the curves. 
The year 1826 la omitted in the diagram, because the last two months are 
’wanting in the series of observations. 

2 k3 
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Jter stands 0.8 deg. higher than the others j this quantity is therefore added to the column of differences. 
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Table I. Dally Oscillations. 



* From diis month the RegiBter I'hcrmoineter »toud in a new house much less exposed tliaii 
beibre ;-**the ranges are consequently much smaller. 


Table II. Monthly Deviations. 



Safbnw^. A}tf .Mean Therm^tric Alt. 77®.81. 
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XII. A aescriptlon of a vertical floating collimator ; and an account of its appli- 
cation to astronomical observations with a circle and with a zenith telescope. 
By Captain Henry Kater, y . P . R . S . 

Read April 24» and May 1828. 

In the Pliilosophical Transactions for 1826, I gave an account of a floating 
collimator, and added a suggestion for the construction of a vertical floating 
collimator which had not then been carried into effect. I have since had an 
instrument of that description made, with such improvements as occasion nv 
quired, and the results which it has afforded have been so satisfactory that I 
am induced to lay them before the Society. 

The collimator which formed the subject of the paper I have mentioned was 
a horizontal floating collimator. This, in the manner in which I then used it, 
was the worst form in which the instrument could have been employed ; as it 
was necessary to take the float out of the mercury and replace it in order to 
complete each observation. The result was therefore liable to be vitiated by 
any particle of dost or minute bubble of air which might have found a pUtce 
between the float and the mercury. It cannot therafore but be considered as 
surpri4ipg, that out of one Imndred and fifty-one results, only twenty-eight were 
found {n error to an amoimt exceeding. one second, the greatest error being 
and the next 2^ 

colUmator was tried by the Rev. JDr. Brinkley, the 
prewmf ^ at the DubHn Observatory, mud by the Rev. Dr. Ro- 

BiNSON Armagh. An account (Bf Dr. BwNKUfV’s obser- 
vations Is for where it may be^ 
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CAPTAINT KAT£R*S DESCRIPTION OF 


seen that the mean difference between the results of Dr. Brinkley's catalo^e 
of 1823^ and those obtained by means of the I/Jr 

observations upon ^enty stars, is only ; 

Dr. Robinson, by ten observationft 

floating collimator and his equatorial, o^jr;p".02 

from the latitude ’Suiting from his ob^rvations of the ptlBCwbgj^ years, 
when the level was employed ; and by thirteen observations with the coUimator at 
the winter solstice of 1895, the deduced obliquity of the ecliptic for/tbe begin- 
ning blithe differed only 0".33 from that given in the Nautical Almanac. 

Thesb rteuMi should seem to leave little to be desired in point of accuracy ; 
but the method of using the horizontal Abating collimator is .so inconvenient, 
as to constitute no small objection to the general employment of the instru- 
ment in^ this form. To which may be ijddied, the possibility of error arising, 
iiB hefi^ the necessity of tiil^g the Aoat out of the ||!e!^ and 

replaciiil'* it. ' Vtoih both these objectiqiui the vertical Aoathfkg is 

wholly free. V ■' 

The vertical Aouting collimator has also this further advantag^^h^ it may 
not only be used with a circle, but may be applied to a telescope, dither of the 
refracting or reAecting kind ; such a telescope furnished with a wire micrometer 
and directed to the zenith, becomes a zenith telescope, free from all the objec- 
tions to which the zenith sector and the zenifti telsseope with a plumb-line are 
liable. 

' In Plate XIII. I have given plans and sections of the dillemi j^s of which 
the vertical Aoating collimator is composed. Fig. 1. represents a board of well 
seasoned mahogany fourteen inches square, and an inch iand a half thick. Into 
this board four legs are screwed, at the distance of an inch and a half from the 
edge of tlie board to the centre of each leg. In the middle of the k^jjlnl a cir- 
cular hole is made, four inches in diameter, into Which a 
is Ariiily driven, of such a length as to project ah^an inch a 

half above the upper surface of tho hoii^* At 

a half fi^;thc centre, three are Ic^^into the board. - Jl!^!i%re 

equidistant; from each other, and«n|^M(eildi|id to v^^rt the iron 
to be deiihribed, and to facilitatal|^‘bdi^#oved round about' the^’ilwet iron 
^tube as a centre, with but little fiieti<^i ' 
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^ Figs. 2. and 3. are the plan and section of a cost iron circular pan ; this is 
one foot in diameter^ and has a circular opening of four inches^ which passes 
easily upon the tube of sheet iron just described^ and about which the pan is 
intended to be turned. The sides of the pan (fig. 3.) are 2.4 inches high on the 
outside, the inside depth being two inches, which leaves four-tenths of on inch 
for the thickness of the bottom of the pan. The sides of the model for the pan 
must be sloped as in the section, for the convenience of casting. Into the side 
of the pan at the bottom a stout iron wire is screwed, intended, os will be seen, 
to serve as a stop to prevent the pan from being turned round more than 180 
degrees. 

Figs. 4. and 6. represent (in half its real dimensions) one of two guides niade 
of sheet iron, destined to receive pins, which are intended to prevent the float, 
presently to be described, from moving horizontally. A piece of plate iron is 
cut into the form represented at fig. 4. This is afterwards turned up os at 
fig. 5. leaving the distance of a quarter of an inch between the front and back. 
Two of these guides are screwed to the bottom of the pan in the inside, (their 
backs touching its sides,) in that diameter which is at right angles to the iron 
pin projecting from the outside of the pan. 

Fig. 6. represents a spring of about two inches and a half long. The flat 
part has a longitudinal slit in it, through which screws pass which attach it to 
the mahogany^jbpajfdj fig. 1. A piece of plate brass is interposed between the 
screws and ihe s^Ag. The longitudinal slit is for the purpose of adjusting 
the spring to itateqmred position. At its extremity the spring is formed into 
a Y, terminating in a hook, as represented in the figure. IVo of these springs 
are fixed to the losahogany board ; the *Y of each being distant a little more 
than six inches ^m the centre of the board, in opposite directions, and the di- 
rection ^^the spring is at right angles to this diameter. The springs both 
point ttte 

If now we suppose the pan to be placed upon the sheet iron tube,£g. i. and 
it be turned round, the iron pin will oome In contact widi one of the springs, 
which wUji jririd to the weight of the pan until the pin is lodged in the Y, 
beyond wUeh it will be pr^eHtedl from going by the projecting book. On 
turning the pah the contrary wi^, the inclined plane of the Y will ^eld to the 
pressure of the jfin and permit it to escape ; and when the pin has gone through 

2l2 
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nearly a semicircle^ the same process mil take place at the other spring ; these 
springs, tlierefore^ afford the means of limiting the horizontal motion of the 
f)an to 180 degrees. 

Figs. 7. and 8. are the plan and section of a float of cast iron, 10.6 inches 
diameter, one inch thick, and having an opening in the middle of 5.7 inehes 
diameter, consequently the breadth of the annulus is about two inches and a 
half. Into the sides of this float, at opposite points and equidistant from the 
two surfaces, two steel pins are screwed, of such a thickness as to pass freely 
into the grooves of the guides before mentioned with a very little shake. The 
ends of the pins are to be hemispherically rounded, and very smooth. When 
the float is placed in the pan, with the pins in the guides, the distance between 
the terminations of the pins should be such as to leave them just clear of the 
backs of the guides. 

A section of the float with the bridge and telescope attached to it is given at 
fig. 9. llie bridge is made of wrought iron. The length at the top is seven 
inches, and tlie perpendicular part of the bridge is of a sufficient height to 
enable the bridge to clear the middle part of the pan when the float is placed 
in it. In my vertical floating collimator the bridge is an inch and threeK|uar> 
ters above the float. The middle of the bridge consists of a piece of brass tube 
three or tour inches long, destined to receive the telescope, which fits tightly 
into it. The width of the iron part of the bridge is half an inch, and the thicks 
ness Jibout a quarter of an inch ; but this may be varied according to circum- 
stances wliich will hereafter appear. The parts where the bridge is screwed 
to the float have cross pieces four inches long, intended to give a firmer bear- 
ing. The heads of the screws are long, to serve as pins, upon which weights 
with holes in them may be placed, for the purpose of adjusting the float. 

Tlie bridge is screwed to the float in such a position that its length is at right 
angles to the pins inserted in the edge of the float, as before described. The 
intention being, that when the collimator is employed, the bridge should be in 
tlie direction of the meridian, and the guides at right angles to it. Two addi- 
tional pins are fixed perpendicularly in the float near the guide pins. These are 
rcpres(mtcd in the plan, fig. 7» and are intended to receive some of the weights 
by whicli the float is to be adjusted. 

The telescope is achromatic, the object-glass in my collimator being about 
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eight inches focal length, and one inch and a quarter aperture. The object- 
glcas is fixed in a separate piece of tube, which slides within another tube, to 
which, after adjustment, it may be firmly attached by two opposite screws 
moving in longitudinal slits. 

In the focus of the object-glass of my collimator, a diaphragm is placed, 
carrying fine cross wires flattened. These wires, however, do not form angles 
so neat as could be wished, in consequence of their thickness, and of a want 
of perfect straightness of their edges ; and I am indebted to Dr. Wollaston 
for the suggestion of a method of constnicting a substitute for the cross wres, 
which has been applied to a vertical floating collimator made for Captain 
Foster, R.N. and which I found to answer perfectly well. 

The surfaces of a plate of brass (bell metal would perhaps be preferable), 
about the twentieth of an inch thick, were ground parallel. The plate was 
then cut in half, and the surfaces cemented together. One of the sides of this 
double plate was then formed by grinding, into a salient angle of about 1 35 °, 
the faces of this angle being slightly bevilled and carefully finished. Tlic plates 
were then separated, and their opposite surfaces cemented together, the angular 
points and edges being made accurately to coincide. One of the sides (not 
that opposite to the angle) of this compound plate was then ground at right 
angles to the surface, and the plates again separated and carefully cleaned. 

A circular piece of glass having been fitted into the diaphragm, a bit of brass 
with a straight edge was cemented to the glass on one side by shell lac. 'rhis 
was at such a distance from the middle of the diaphragm, as to allow the an- 
gular points of the brass plates to be in its centre, when their ground sides 
were in contact with the straight edge. 

One of the brass plates was now attached by shell lac to the glass, having 
its ground edge in contact with the brass straight edge, the obtuse angle of 
the bevilled edge being next the glass, and the angular point in the middle of 
the diaphragm. It is now evident that if the ground edge of the other brass 
plate be placed in contact with the straight piece of brass, the obtuse angle of 
the bevil being next the glass, the two angular points will, upon sliding the 
brass plate along the straight edge, be brought accurately into contact, and in 
this position the brass plate was fixed to the glass by shell lac. 

This arrangement afforded an object having well defined acute angles of 
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about 45°y which could be bisected with great precision. As this is a very im- 
portant ])art of the instrument^ I have been induced to describe thus minutdy 
the manner in which it may be made. The diaphragm is placed in the tele- 
scope, with the brass plates nett to the object-glfuss^ in order that when the 
edges of the plates are seen distinctness^ no particles of dust may 

be visible which may hayet6ldg|ftf.^i^ the surface of the glass. The angular 
point is brought into the tube in the usual manner, by means of 

opposite screws passing^iht^tiie^d^ A piece of plane glass closes the 

end of the telescope, to and to protect the diaphragm from acci- 

<lent. llie diaphragm is r^pr^HQiited at fig. 10*. 

Wlien observations are nte^A the floating collimator, it is necessary that 
all light should be excluded, except that which passes through its telescope. 
For this purpose a piece of sheet iron is formed, as represented at fig. 1 1. The 
aperture is the same as that of theiron basin of the collimator, and one side ex- 
ternally is straight, in order po forCQij^nge upon which the plate B moves. Tl)is 
plate may be rffised to w |>er^ when permitted to foil, 

rests steadily upon the is a circular opening, 

rather less in diameter th^'^ parts of fig. 1 1. 

are intendedj, when bent close to legis>' t^be attached to the ma- 
hogany support^fig. 1, the length of t)^ 1^1^^ the plate B, 

when resting on the ring, to be 

For the purpose of illuminaring small 

plane mirror is used, similar to that of a mlcrdsb(tf»»’*^>'^ ^^ ro the 

plate B over the opening, by a shoitfirW is 

so obrious, as to need no fig^urCi; XIV. 

The collimaior l^i^gli^^ it will be found con^jttbnt to adjust 

the object-glass of Hs telescope very nearly to the distance ol^ focal length 
from the diaphragm. For this puqmse, any telescope ipay be eip^loyed which 
luis b(Mm carefully ,ady|nsted to distinct vision upon a fixed star.'.^^e telescope 
of the collimator Jii to be supported in a convenient position m looking into 
it through its objeCt^Slass with the other telescope, and a lamp so placed as to 
illuiniiiatc the diaphn|^.. All false light being excluded from the telescope 

* Since tliv ulun e was written, I have found that a cross of stroqg spiders threads answers very well. 
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employed^ by a black paper screen surrounding that of the collimator, tlu‘ 
didp'^ragm is to be viewed^ and the distance of the object-glass from it to be 
varied until its angles appear sharp and well-defined. Tliis I consider merely 
as preparatory to the final adjustment ; but if the telescope used has a magnify- 
ing power of about one hundred^ this adjustment will probably be found to be 
sufficiently accurate. 

Two beams of wood are to be fixed horizontally to the walls of the obser- 
vatory in the direction of the meridian, beneath the opening in the roof, and 
at such a distance from each other as that the legs of the support of tlit; colli- 
mator may pass between them, and the board rest upon the beams. It may then 
be moved along upon the beams, the legs confining the motion in the direction 
of the meridian. In order to render this motion more free, and to prevent the 
beams from wearing, their upper siiifaces are covered with sheet iron, and four 
rollers are let into the board near tho legs, one of the rollct‘S bcu'ng attached 
to a spring in order that all four may be always in contact with the beams. 

The instniment employed for the final adjustment of the collimator and in 
the zenith observations which will hereafter be detailed, was a reflecting tele- 
scope of the Newtonian construction, having an aperture of six inches and a 
quai*ter, a focal length of forty inches, and a magnifying power of ninety-nine 
times. This was furnished with a spider’s thread micrometer, each of the di- 
visions of which is equal to half a second. 

A slight frame of wood was made to receive the tube of the telescope when 
placed in the direction of the zenith. This frame consisted of a triangle (un- 
bracing the tube a little below the micrometer. Prom the comers of this tri- 
angle, thrtje rods of wood pass into the extremities of a T made of wood, the 
cross piece being about two feet in length. Near the extremities of the T, are 
also inserted coarse iron screws, for the purpose of placing the telescope in the 
direction of the zenith. The tube of the telescope is kept steady in the triangle 
by two small wedges of wood, the end containing the mirror resting on tlie 
middtis of the perpendicular bar of the T. The telescope previously to its 
bdng placed in ftie, observatory, was very nicely adjusted to distinct vision 
upon a fixed * • 

• I have atMfid tether what ou^t to have Wen doa^ lWii what was actually effected at the tine, 
as will W MCA Wfeaftsr* 
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The room in which the observations were made^ has a pit in it about two 
feet and a half wide, six feet long, and seven feet deep, filled with sand^^^f^n 
which are laid two flat stones clear of the sides of the pit. These form a sup- 
port for any instrument I employ, which is thus secured from any perceptible 
tremor which might be occasioned by passing carriages. 

The Newtonian telescope, in its wooden frame, is placed under the collimator 
in such a position, that a plumb-line let fell from the centre of the collimator, 
passes on one^ side of the plane mirror of the telescope. The micrometer in 
my telescope is on the east side of the meridian, the micrometer head being to 
tlie right-hand of the observer ; consequently the moveable line is perpendicular 
to the horizon, and from the nature of the telescope parallel to the equator. 
This line should be nicely adjusted so as to represent a parallel of declination, 
by turning the micrometer round in the eye-tube until a fixed star (y Draconis 
in my observatory) nins along the wire. 

A sufficient quantity of mercury is put into the basin of the collimator to 
support the float without risk of its touching the bottom. The diaphragm is 
illuminated by a lanthoru furnished with a lens, and placed upon a support 
attached to the board of the collimator. l"he illumination of the diaphragm 
was attended with much trouble in my first trials, but I afterwards discovered 
a method by which the difficulty was obviated. The end of the Newtonian 
telescope being closed by its cover, a sheet of white paper was placed upon it ; 
the light of the lanthom was thrown upon the plane mirror, and the position of 
the mirror varied until the shadow of the diaphragm appeared upon the paper. 

If the diaphragm shoidd not now be visible in the telescope, the telescope 
must be inclined to one side or the other by means of the foot-screws, till the 
dic'iphragm is seen in the centre of the field of view. 

The next step is to place the line of collimation of the telescope of the col- 
limator nearly in the direction of the zenith. For this purpose, the telescope 
is to be adjusted by its foot-screws, so that the horizontal thread of the micro- 
meter shall pass through the angular point of the diaphragm, when the basin 
of the collimator must be turned half round. It is now possible that Hie dia- 
phragm may be no longer in the field of view; in which case, whilst an.asHstant 
looks through the telescope, the float of the collimator must be depressed by 
the finger on one side or the other, until the diaphragm is again seen just 
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within the field. Weights must then be put upon the pins to whicii the pressure 
applied, and the process repeated till the centre of the diaphragm remains 
in the middle of the field of view, upon the collimator being turned half round. 
The telescope must of course be made to follow these adjustments by means of 
its foot-screws. The telescope of the collimator must now be turned round in 
its tube, (the pin on the outside of the basin being in one of the Vs,) until the 
diaphragm is brought into that position in which both its angles can be bi- 
sected by the moveable line of the micrometer. Wlien the a<5nstment is suf- 
ficiently accurate, the angular point of the diaphragm will remain upon the 
horizontal line, or very near it, and not depart much from the moveable line 
of the micrometer when the collimator is turned half round. 

The collimator is now to be moved along the cross beams until the angles 
become faintly illuminated, when they are to be carefully bisected with the 
moveable line. The collimator is then to be slid the contraiy way till the 
angles again become faint, when, if the bisection is not as perfect as before, 
the distance of the object-glass of the collimator from the diaphragm is not 
adjusted to the last degree of precision. If the diaphragm appears to have 
moved from the line in the opposite direction to that in which the collimator 
was moved, the rays diverge, and the object-glass is too near the diaphragm. 
If the diaphragm has moved in the same direction as the collimator, the rays 
converge, and the object-glass must be brought nearer to the diaphragm. 
When the angles continue perfectly bisected in both jiositions of the colli- 
mator, the object-glass is to be secured in its place by means of the screws for 
that purpose. 

We liave seen that when the iron pin was in one of the Vs, the telescope of 
the collimator was turned round in the tube winch carries it, till the angles of 
the diaphragm could be bisected by the moveable line of the micrometer. But 
it, is possible that upon lodging the iron pin in the other Y, the angles may no 
longer be d^wble of bisection. This would happen if the basin of the coUi- 
mRtor'had not desorijlied a semicircle ; and in tliat case, the spring or Y must 
be riiilted tiU thefOngiefr can be perfectly biseeted, when it must be firmly fixed 
inits^iooeff. ^ > 

* It ii whiclt liivt becor I with tufllcient minuteneii, deicribcd, 

to an aitnmoimcal circle, untead of using a dc- 

taaind t s fa ieo pc for the puipoae. 

MOCCCXXVIII. 2 M 
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I shall now show the manner in which the vertical floating collimator is to 
be used for determining the zenith point of an instrument, and the degre^rtlf 
flependcnce that may be placed upon the results. 

The collimator is to be turned half-round, and the iron pin lodged in one of 
the Y’s. This is done merely to agitate the float slightly, in order to release 
the paits from any possible constraint. When the float is quite steady, which 
it will be in about half a minute, the angles of the diaphragm are to be care- 
fully bisected b^ the;, moveable thread of the micrometer, and the division read 
off jind registered. I have generally bisected the opposite angles separately, 
m will be seen in the tables which follow. The collimator is now to be turned 
lialf round, the angles again bisected, and the division of the micrometer read 
otF. llie mean of these readings will be the zenith point of the instrument 
employed, and half their diflercncc will be the angle formed by the line of col- 
liination of the telescope of the collimator with the zenith. 

It must be evident that the aceuraey of the results afibrded by the floating 
c(»Hifnator (excepting the unavoidable errors of observation) is wholly de- 
pendent upon the permanency of its line of collimation to the zenith, during 
the very short interval between the two observations, or bisections of the angles 
of the diapliragm which have been described. But this inclination may vaiy 
consitlcrably from expansion, or otherwise, between any two determinations of 
the zenith point, without at all influencing the accuracy of either. 

The agreement of the several determinations of the zenith point with each 
other, will depend upon tlic degiee of stability with which the astronomical 
circle, or the zenith telescope is supported, and upon the supposition that its 
parts suffer no relative change of pasition from unequal temperature or other- 
wise. llie time required for completing the determination of the zenith point 
by means of the vertical floating collimator, does not exceed two minutes ; and 
if to this be added the time necessary for another determination of the zenith 
point, the whole time required will not be more than five minutes, during 
whicli, it may be allowable to suppose that no very sensible change can takc| 
place, either in the collimator or in the instrument, from variaition of tempe-t 
raturc. ^Vc will therefore consider the mean of these two separate detenmna'^ 
tions as the true zenith point, and conclude the difference hetweeoLthis mean,' 
and the first determination of the zenith point to be the probable error with 
which sucli first determination can be charged. The second determination of 
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the zenith point will have the same error as tlie first, but with a contrary si^nL 
second determination, however, will also have another error deduced by 
taking tlic difiference between it, and the mean of the second and third read* 
ings of the zenith point. The mean of these two errors is considered to be the 
probable error of the second zenith point, and so of the lest. It would not be 
safe to take the mean of all the determinations of the zenith point which con- 
stitute a series for the standard of comparison, as the instrument may, and 
probably will, have suffered some slight change of position dtiring so long a 
period. If the;errors (supposed to belong to the floating collimator) be applied 
to the obseiwdWenith points, the results will show the whole change of posi- 
tion which the zenith telescope may have suffered during the observations 
constituting the series ; and as it may be interesting to sec the degree of sta- 
bility of an instrument supported in the slight manner I have described, I have 
added a column of the corrected zenith points. 

I shall now proceed to detail the experiments that have been made ; and in 
order that the inferences may not rest solely upon my own aiithorify, I shall 
give the observations of such gentlemen as have been from time to tiiins kiml 
enough to assist me. 


The Collimator turned half round rapidly and without care. 

Dhm. 
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of the 
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Inclination 
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Inclination 
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Rcadinp at 
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Experiments by Mr. Daily. 
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Experiments by Mr. South. 



Experiments by Captain Sabine. 
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For greater convenience, 1 shall now ^ve in one view the errors with which 
ea£?h of the preceding determinations of the zenith point can be charg^ed, chisN- 
ing t'bgether such as do not exceed one«tcnth of a second ; those between tnic 
and two tenths ; those between two and three tenths ; tliose between three and 
four tenths ; those between four and five tenths ; and such as exceed half a 
second. 

Taulb of the Errors of the preceding determinations of the Zenith Point. 


Not exceed. 

ing One 
Tenth of a 
Second. 

Between 

One and 
Two 
Tentha. 

Between 

Two and 
Throe 
Tenths. 

Between 

Ttirce and 
Four 
Tentlis. 

Between 

Four and 
Five 
Tenths. 

Above Five 
Tentlis. 

+ .10 
.00 
+ .05 
-.OS 
+ .01 
—.10 
+ .08 
.00 
+ .08 
+.07 
+.0S 
—.02 
+.04 
+.06 
.00 
-.08 
-.07 
+ .03 
+ .05 
— .08 
+ .05 
-.09 
—.02 
+ .09 
+ .03 

— .11 
—.11 
-.18 

13 

— .14 
— 11 
+ .14 
+ .11 
-.11 
—.11 
+ .13 
-.19 

+ .23 
+ .29 
—.26 
+ .23 
—.28 
+ .21 
— 21 
—.21 
+ .25 
+.29 

1 ++ 1 +++ 1 

— 42 
+ .48 
— .41 

+ .51 
-.51 


We may here perceive, that of sixty independent determinations of tlic zenith 
point, there are twenty-five, the error of each of which does not exceed one 
^nth of a second, thirty-seven under two tenths, forty-seven under three tenths, 
f fty-five under four tenths, three between four and five tenths, and two a little 
above half a second. ^ 

i But it is probable that the greater part of these errors, minute as they arc, 

^ust be atti^uted to want of power in the micrometer ; for 1 found that when 
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the collimator was stationary, the repeated bisections of the same angle would 
generally differ one or two divisions from each other ; and it must be remem- 
hen'd that one division is equal to half a second. The focal length ot the 
telescope employed is only forty inches, and the power or scale of the liiiero- 
iiieter, and consequently the precision of which it is capable, is directly as 
the focal length of the object-glass or mirror of the telescope to which it is 
attached. 

Tlie zenith telescope, and the tcle.scope of the collimator, may be considered 
as forming together a compound microscope, having, as it were, a sc])arable 
"ohject-glass, the two parts of w'hich may be placed at any distance from each 
other without altering the effect. Tlie magnifying power of this microscope 
may be found in the usual manner, by dividing the focal length of the zenith 
telescope by that of the telescope of the collimator, and multiplying the result 
by the power of the eye-glass, or by the quotient of ten inches divided by its 
focal length. 7'hu8 the focal length of the zenith telescope being forty inches, 
and tlie magnifying power ninety-nine times, the focal length of the eye-glass 
will be about four tenths of an inch. Tlicn dividing forty inches by eight 
inches, the focal length of the telescope of the collimator, and this again by 
the power of the eye-glass, we have = 125 for the magnifying power 

1 ‘xrrtcd upon the diaphragm of the collimator. 

The collimator I have described has a float 10.6 inches diameter ; but I have 
had one constructed on a much smaller scale for Captain Foster, 11. N. the 
float of whicli is only five inches in diameter, and its telescope about five 
inches long. 

Some experiments have been made with this little instrument, the results of 
which have so far exceeded my expectations, that I think they may not prove 
uninteresting*. 

* On taking down my coUiniator nUer it had been exposed for six months, in order to replace it 
by that made for Captain Foster, 1 found it very rusty, and the mercury very dirty. On taking 
out tlie float, it appeared that the mercury had adhered to it, so as to form a kind of coating like 
ainal|i;nm. These circumstances may have slightly aifccted the accuracy of the instrument. 1 have 
since discovered that by rubbing the float with chalk, and afterwards wiping it, the adhesion of the 
mercury is prevented. 
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Dale. 

1838 . 

Reading 
of the 
Microm. 
Divisions. 

Inclination 
of the 
Collimator. 
Divisions. 

Inclination 

in 

Seconds. 

Reading at 
the iCenitli. 
Divisions. 

Zenith 

Point 

in 

Seconds. 

Possible 

Error 

in 

Seconds. 

Feb . 22 . 

90.7 

84.0 

3.35 

i4 

1.67 

87.35 

*9 

43.67 

— 0.12 


89.0 

86.7 

1.15 

0.57 

87.85 

43.92 

4 - 0.23 


87.0 

86.0 

0.50 

0.25 

86.50 

43.25 

— 0.45 


87.3 

90.3 

1.45 

0.72 

88.75 

44.37 

+ 0.27 


86.0 

91.6 

3.80 

1.40 

88.80 

44.40 

+ 0.17 


87.0 

86.0 

0.50 

0.25 

87.50 

43.75 

— 0.14 


85.0 

89-7 

2.35 

1.17 

87.35 

43.67 

— 0.04 


; 84.0 

91.0 

3.50 

1.75 

87.50 

43.75 

+ 0.21 


81.0 

91.0 

5.00 

2.50 

86.00 

43.00 

— 0.71 


85.4 

95.0 

4.80 

2.40 

90.20 

45.10 

+ 0.53 


84.3 

96.0 

5.85 

2.92 

90.15 

45.07 

+ 0.15 


83.0 

94.0 

5.50 

2.76 

88.85 

44.42 

— 0.33 






Mean . . 

— 0.02 
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Feb . 23 . 

63.2 

J18.0 

27.40 

// 

13.70 

90.60 

45.30 

// 

+ 0.09 


65.0 

115.5 

25.25 

12.62 

90.25 

45.12 

— 0.01 


63.5 

116.5 

26.50 

13.25 

90.00 

45.00 

+ 0.14 


64.0 

118.3 

24.65 

12.32 

88.65 

44.32 

+ 0.02 


66.2 

108.0 

25.90 

12.95 

87.10 

43.55 

— 0.28 


67.8 

107.8 

20.00 

10.00 

87.80 

43.90 

+ 0.08 






Mean . . 

+ 0.01 
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Experiments by Mr. Harvev, 


Date. 

1828. 

Reading 
of the 
Mierom. 
Divisions. 

Inclinalion 

c^the 

Collimator. 

Divisions. 

Inclination 

in 

Seconds. 

Roodingat 
the Zemth. 
Divisions. 

Zenith 

Point 

in 

Seconds. 

Possible 

Error 

in 

Seconds. 

Feb. 26. 

69.4 

57.5 

5.95 

2.97 

63.45 

u 

31472 

// 

+ 0.35 


69.7 

60.0 

4.85 

2.42 

64.85 

32.42 

-0.17 


69.5 

60.2 

4.65 

2.32 

64.85 

32.42 

+ 0.08 


68..3 

61.0 

3.65 

1.82 

64.65 

32.32 

+ 0.13 


69.6 

57.2 

6.20 

3.10 

63.40 

31.70 

-0.43 


67.7 

62.7 

2.50 

1.25 

65.80 

32.60 

+0.34 


69.5 

59.8 

4.85 

2.42 

64.65 

32.32 

+0.14 


68.8 

59.4 

4.70 

2.35 

64.10 

32.05 

+0J89 


65.0 

57.5 

3.75 

1.87 

61.85 

30.62 

-<*7 


69.5 

58.0 

5.75 

2.87 

63.75 

31.87 

+0.68 






Mean. . 

+0.06 


'File following Table contains the Error of each of the preceding deterrnina- 
lions of the Zenith Point, by Captain Foster’s Collimator. 


Notcicoed- 
ing One 
Tenth of a 
Second. 

Between 
One and 
'IVo 
Tenths. 

Between 
IVo and 
Three 
Tenths. 

Between 
Three and 
Four 
Tenths. 

Between 
Four and 
Five 
Tenths. 

■ 

-.04 

+ .09 
-.01 
+.02 
+.08 
+.02 

-.12 
+ .17 

-.14 
+ .15 
+.14 

-.17 

+ .13 
+.14 

+ .23 

+ .27 
+ .21 
-.28 
+ .29 

-.33 

+.35 

+.34 

1 1 

CO Kg* 

+ 1+1 


1 leave the results of the little floating collimator to speak for themselves^ 
and shall now return to my larger collimator before described. 
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On the manner of using the Vertical Floating Collimator in Astronomical 

ObservationB. 

The instrument employed in the observations which I shall fii^st detail, was 
the portable azimuth and altitude circle described by the Rev. F. Wollaston 
in his “ Fasciculus Astronomicus,** and was the property of the late D. Moore, 
Esq. F.II.S, This circle is only one foot in diameter ; the divisions arc dots 
upon brass, and it is also divided by lines. Of the dots, tliough tliey arc the 
divisions used, I cannot learn the history. Many of them are much injured, 
and some nearly obliterated. 

Tlie instrument is furnished with two microscopes, the micrometer heads of 
which arc divided to two seconds ; but I have attempted by the eye to estimate 
the readings to tenths of a second. The focal length of the telescope is twenty 
inches, and it magnifies about thirty times. 

I shall now describe the manner in which the different adjustments of an 
altitude and a^muth circle may be readily effected by means of the vertical 
floating collimator. 

To adjust the Line of Collimation. 

The circle being placed in the meridian, and the vertical floating collimator 
over it, the meridian wire is to be brought to the angular point of the dia- 
phragm of the collimator, by means of one of the foot-screws of the circle. The 
axis is now to be taken out of the Y’s and reversed ; when if the meridian wire is 
no longer on the angular point of the diaphragm, the space ovei* which it has 
moved is equal to double the error of the line of collimation. Bisect this space 
by moving the meridian wire by means of the screws in its diaphragm, and thc‘ 
line of collimation will then be at right angles to the axis. This is proved by 
the meridian wire suffering no change of place when the axis is reversed*. 

To place the Horizontal axis of the Circle at right angles to the Vertical axis. 

Bring the meridian wire to the angular point of the diaphragm of the colli- 
mator by means of the foot-screw. Turn the circle half round in azimuth, and 
then note the distance of the meridian wire from the angulai* point. I lalf this 
distance is, the error of the horizontal axis, or its deviation from perpendicu- 
larity to the vertical axi^. Cause the meridian wire to bisect this distance by 

* The operation jurt described, is nothing more than the procera of adjusting the line of collimation 
of a transit instrament, the angular point of the dia^iragm of the collimator serving instead of a distant 
terrestrial object It may be done with great convenience by means of the horiaontal floating collimator. 
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iiicaas of the sc;rew wiiicli acts upon that Y which is opposite to the micro* 
scopes, and the horizontal axis will be perpendicular to the vertical axis. This 
adjustment is known to be perfect when the meridian wire remains uporTthe 
an/^ular point after the circle has been turned half round in azimuth. 

To place the axis of the circle parallel to the Horizon. 

Lodge the iron pin of the basin of the collimator in one of the Y’s, and by 
means of one of the foot-screws bring the meridian wire to the angular pdint 
of the diaphragm. Turn the collimator half rounds and note the distance (if 
any) of the meridian wire from the angular point. Half this distance is the 
cM-ror of the axis or its deviation from horizontality. Cause the meridian wire 
to bisect this distance by means of the foot-screw, and the axis of the circle 
will then be parallel to the horizon. Examine this adjustment by turning the 
collimator half round ; when if it is correct, the angular point will be equally 
distant on either side from the meridian wire, of which the eye will judge with 
considerable accuracy*. 

Those are all the adjustments that are necessary ; and whoever has enjoyed 
the superior convenience and facility of effecting them by means of the floating 
collimator, will scarcely prevail on himself to return to the instability and un- 
certainty of a level. 

Should it be necessary, the telescope of the collimator must be turned in its 
tube (the iron pin being lodged in one of the Y’s) until the angles of the dia- 
phragm can be bisected by the horizontal wire of the circle, when the instru- 
ment is ready to be employed in celestial observations. I have of course taken 
it for granted that the float has been adjusted by the application of weights to 
it, so that the angular point of the diaphragm remains either upon or veiy near 
the meridian wire, and does not depart far from the horizontal wire when the 
collimator is turned half round. 

Before quitting the subject of adjustments, I may remark, that the vertical 
floating collimator affords the most perfect method of adjusting the line of 
(*olliination of a mural circle, or of placing it at right angles to the axis. But 
for this purpose it will be necessary to employ two of these instruments, one 
placed above, and the other below the circle. Bring then the meridian wire 

* 1 scarcely need point out tlie value of this mode of adjuitment a> applied to a^tranait instniuient* 
It insures the line of coUimationjdescribing a vertical circle, and is indq)endent of any inequality in 
the size of the pivots. 
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of the mural circle to the angular point of the diaphnigm of the upper floating 
collimator. Turn the collimator half round and bring bark the meridian wire 
by adjusting the axis of the circle through half the distance it lias appeai*ed to 
move from the angular point. Look now into the lower collimator, aii<l note 
the distance at which the angular point appeal's to be from the meridian wire. 
Turn this collimator half round, and remark whether the angular point is at 
the same distance as before on the other side of the meridian wire ; and if the 
distance is not the stime, halve the estimated diflerenee by moving the meri- 
dian wire by means of the adjusting screws of its diaphragm. Repeat these 
operations until in both collimators the angular point appears to move to an 
equal distance on each side of the meridian wire on the collimator being turned 
half round, when the line of collimation will be at right angles to the axis, 
and the axis will by the same process have been placed parallel to the horizon. 

It will be found convenient before the observation of the star is made, to 
ascertain that the illumination of the collimator is perfect, as it must be evident 
that it is important to determine the zenith point of the instrument as soon 
after the observation of the star as possible. 

Should the star be at such an altitude as for the view of it to be intercepted 
by the collimator, the collimator must be moved as far as may be requisite 
along the beams. After the star has been carefully bisected, and before the 
microscopes are read off, the shutter of the observatory is to be closed, and 
the collimator is to be brought back to its place and turned half rouml. The 
microscopes arc then to be read olF and registered, and by the time this is com- 
pleted, the collimator will be steady. Tlic angles of the diaphragm are now 
to be bisected by the horizontal wire, and the collimator immediately turned 
half round. The divisions of the circle arc then to be examined, and the mi- 
croscopes read off and registered. Long before this, the collimator will again 
be steady, when the angles are again to be bisected, and the readings of the 
microscopes registered. Tliis forms a complete observation ; but it is desirable 
to repeat the operation for the determination of the zenith point, in order to 
preclude or detect error. The mean of the readings at the collimator will be 
the place of the zenith point upon the circle, and the diflference between this 
and 90 degrees or zero, will furnish a correction to be applied with its proper 
sign to. the reading at the star, for the purpose of obtmning its apparent alti- 
tude or its zenith distance. 

The refractions used in the following Table, are those given by Dr. Young 
in the Nautical Almanac. 



Observations with tlie Astronomical Circle . — {Face 



Bast, Mean... 51 31 
West, Mean... 51 31 
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resulting latitude of York Gate is 61^ 31' 20".7d, 

The mean of 40 observations of different stars in 1825, using the horizontal 
floating collimator and the same circle, gave 51^ 31' 20".94. 

If we analyse the observations detailed in the preceding table, we may form an 
estimate: Ist, of the stability of the instrument, and the efficiency of its telescope 
and microscopes : 2dly, of the degree of accuracy with which a star has been 
bisected ; and 3dly, of the equality or otherwise of the divisions of the circle. 

On examining the column of the zenith point, we perceive tliat on the same 
evening the differences are but small : for example, on the 23rd of J unc the 
greatest difference from the mean was only 2".25l From which we may infer, 
that the support of the instrument suffered little change of position during that 
evening, and that the telescope and microscopes were of a power sufficient to 
determine this quantity. 

On referring to the corresponding inclination of the collimator, we find it 
in the course of the evening to have varied considerably, without affecting the 
accurate determination of the zenith point. The cause of this variation I con- 
ceive to be the bridge having in the first instance been made very slight, and 
being consequently readily affected by change of temperature when the shutter 
of the observatory was opened. 

If the bisection of a star could be accurately made, and there existed no 
uncertainty with respect to refraction, the same latitude #ould be given on 
different evenings by the same star ; as its altitude is determined by reference 
to the same division, of the instrument. But, we may see that in the preceding 
table these results diff*. With « Herculis the greatest difference is 4''.34, with 
a Ophiuchi 5".34, and with Antares the difference amounts to 6".6. Prom this 
we may conclude that, taking an unfavourable state of the atmosphere into con- 
sideration, the uncertiunty in bisecting a star with this telescope may probably 
be about three seconds. 

As the altitude of each star is referred to a different division of the circle, if 
the of the latUud^ given by each star be taken, and, these means be 
compared togeth^, ^eyronght, if the circle is well divided, to agree, and thrir 

^ respect. 'The observations 
ol hiiiimiwt piumwwi tp deterndne this with accu- 

nc;; error of such points of 

u|^^does not scomids. 

ibcocttvhi.: ■ 
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It is possible that the dots to which the zenith point is referred may be in 
error ; in wliich case, all the altitudes will be aifected to an amount equal to 
that error. This however is destroyed by reversing the circle, observingf with 
the face the contrary way, and taking the mean of the results in both positions. 

If the circle should be upon stone pillars, or so circumstanced that there 
should be room for the floating collimator below it, it may be employed in that 
position, its legs serving as a support. The only alteration then necessary will 
be to invert its telescope, placing the object-glass uppermost, and illuminating 
the diaphragm from below by means of a mirror attached to a small mass of 
lead, which may be placed on the ground. Tlie telescope of the circle will 
then look into that of the collimator downwards ; and this, if the circle should 
not be too high, may sometimes be the more convenient method. 

Of the Application of the Vertical Floating Collimator to a Zenith Telescope. 

So much has already been said which is appropriate to this subject in de- 
scribing the adjustment of the collimator, and the determination of the zenith 
point, that little remains to be added. The Newtonian telescope was the in- 
stiniment employed ; and in the two first observations of y Draconis, its woqden 
frame not being finished, the telescope was brought nearly in the direction of 
the zenith by three small wedges of wood placed under the mirror end, and 
forming, it must M confessed, a very frail support. The focus of the telescope, 
too, had not been accurately adjusted, and the moveable wire was placed pa- 
rallel to the equator merely by Estimation. Between the two observations, 
the telescope was removed ; they are recorded, howeverj as matter of curiosity, 
but 1 have not included them in the mean of the observations detailed, though 
they would not have vitiated the result. . 

Should the star pass the meridian at night, it will of course be requisite to 
illuminate the wires of the micrometer in the usual manner. The collimator 
having been moved along the beams which support it, out of the way of t|e 
telescope, the star is to be carefully bisected by the moveable wire, the colli- 
mator to be brought back and turned half round, and then the reading of tjie 
micrometer at the star to be registered. The angles of the diaphragm are nqw 
to be bisected, and the collimator having been turned half round, the divisiojis 
of the micrometer are to be recorded. Lastly, the angkeof ihe<<ffiBphFagm ate 
again to be bisected, and the reading of the micrometer rei^stered. Hus coip 
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pletes the observation, which altogether requires about hvc minutes, llic 
mean of the readings at the collimator will give the zenith point ; and the dif- 
ference between the zenith point and the reading at the star, will be the star’s 
zenith distance in divisions of the micrometer to be converted into seconds. 

It will be advisable to repeat the determination of the zenith point as di- 
rected in observations with the circle, to guard against error. 

If the apbrture of the zenith telescope should be sufficiently large to render 
the loss of light from the interposition of the telescope of the collimator of no 
consequence, it may not be necessary to remove the collimator ; but the iron 
cover B, (see Plate XIII.) may be raised, and the star observed through ttie 
opening in the support of the collimator. The cover is then to be replaced, 
and the zenith point determined in the usual manner. 

The diameter of the opening of my collimator being four inches, and the ex- 
treme diameter of the telescope an inch and a half, the loss of light would 
be about one seventh part of the whole ; I have nof yet tried this method of 
observing, and perhaps it may be found that the bridge of the collimator 
(which for this purpose should be thin and deep) may occasion some distortion 
in the image of the star. 


Table of Observations with the Zenith Telescope. 
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Observations with the Zenith Telesoc^ (Continiibd.) 
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OjMemtionB vith the Zenidi Tdesoope. (Continnied.) 
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In the preceding Table I have given, as is ihy practice, every observation 
which has been made the firet two, as I before said, are inserted merely as 
matter of curiosity, though their mean happens to be the same as that .ulti- 
mately adopted. The last observation I consider inadmissible, as the weather 
was so hazy that the star was scarcely visible; and tbat;only at intervals. The 
observation of the 24th of October I feel no hesitation in rejecting, from the 
disturbance the instrument might have suffered from adjusting the focus of the 
telescope to the star the moment before the star was bisected, and the conse- 
(|uent hurry in which the observation was made. I therefore consider 35”.67 
as the mean, which is nearest the truth. The corrections for aberration, &c. &c. 
liave been taken from the Tables just published by the Astronomer Royal. 

It is fr.r from my wish that the astronomical part of the observations here 
given should be considered as proofs of the utmost accuracy which a telescope 
so employed is capable of attaining ; for it may readily be conceived that had 
the telescope been firmly fixed by stone- or brick-work, and time taken to place 
the moveable line of the micrometer accurately parallel to the equator, the bi- 
section of the star might probably have been effected with a much greater de- 
gree of precision. 

Tlie focal length of the telescope employed was only forty inches, and the 
scale of the micrometer, or the number of divisions which are equal to a second, 
it has been remarked, is in proportion to the focal length of the telescope. The 
shoitness of my telescope therefore, may be justly conceive^ to have token 
somewhat from the accuracy of the results ; and I ought also to mentitm, Aat 
by far the greater number of these observations, namely, those from the 24ffi 
of October, were made in the day time. 

Notwithkanding these considerations) the power of the floating collimator 
is such, that I shall venture to compare the precedipg observations with those 
made under the most favourable circuinstancesj^ cmd with an instrument which 
is justly esteemed the most perfect of its kind eveif constructed, the Zenith 
Sector belonging to the Board of Ordnance*. 

In a scries of observations, one or two may perhaps be found which may 
accidentally differ considerably from the mean of the whole. But the dlArence 

* This instrument is fumfihed with aif Sttlstbttstlc telMciope of eight feet feed hogfh. 
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between such insulated observations and the inean^ cannot be considered as a 
measure either of the power of the instrument, or of the skill of the observer. 
These will be more justly estimated by taking the difference between the ge> 
nend mean, and the mean of such observations as exceed and fall short of it*. 

. In this manner I have examined the observations made with the zenith sector 
at the Stations of the Trigonometrical Survey, and the following arc the results : 


, Nundigr of . 
ObMTVAtloill. 

tNffhrcnn from the Mmii. 


7 

+0.49 

u 

-0.74 

fi Draconif. 

7 

+ 0.88 

-0.65 


9 

+ 0.81 

-1.02 

1 } Uritt. 

8 

+0.39 

-0.71 

p Draconia. 

8 

+0.52 

-0.30 

Y Draconis. 


+0.42 

5-0.44 



+0.28 

-1.70 

j8 Draconia. 


+0.67 

-0.89 



+0.85 

-0.84 

Y Draconia. 

9 

+0.17 

-0.57 

5l ^racoDiy 

9 

+0.68 

—0.55 

K Cygnl. 

8 

+ 0.33 

-0.63 

1 Cygni. 

Mean.. 8 


-0.75 



The above may be considered as a fair representation of the power of the 
zenith sector ; and 1 may add, that I have selected those sets which consist of 
the greater number of observations, and have confined myself to such stars as 
passed within two degrees of* the zefiith, to avoid any possible error which 
might have arisen from uncertain redaction. 

' i shall now divide the fifteen zenith distances obtained by means of thv. 
"floating colliitnator into two sets, consisting of seven and of eight observations 
each, in order that they may be similarly circumstanced udth the observations 
made with the zenitR sector. Proceeding in the same manner as before, we 
obiiain’the'folloi^g'ra 


JNttiBbaraf 

unwvMiM noni lot^incuia 

. 7: 

+0.40 *-&6S 

•J+Oioo-T ..1 -^Oies .t 


'+M4 -q.66 


* I am kMM Ibr dm asggeatkm to Dr. WouAno!!. 
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The comparison then the 

with the vertical floating c()ljiii^tpr^ ^ ;, 

Mean of errors by the zenith sector. . . . +0".64 and — O^'.TS'’ 
Mean of errors by the zenith tdecico|ie^«fliM; : ' 

with the floating colliinator* and 

I shall now proceed to deduce the ^titu^j c^fj YpjrJ^^jQate from the observa- 
tions made with the zenith telescope. 

The polar distance of y Draconis for. Jemiary 1827, ^ 
with which I have been favoured by the Astro- 
nomer Royal from the mean of 296 observations, 
was 38® 29' 14".64 ; which gives for the zenith di- 
stance of y Draconis at Greenwich 0® 2' . 6".36 

Add zenith distance at York Gate ....... 0.03$ .67 

Difference of latitude between Greenwich and York Gate 0 2 42.03 

Latitude of Greenwich . . . : V V 51 28 88 .96 

Latitude of York Gate $l 31 20 ,99 • 

* It may be remarked, that if the first eight bbservadohs aifd the last seven htA been taken to 
form the two sets, the result would have been ieis favotumUb to the ^miitb ^teleecope; But fai the 
last seven observation there would then have been .only a single obseevntiiBni less than the moan; and 
tills, as I have before said, is an inadmissible case for compariMn. , yfen,^ 
and the two sets made to consist of eight and of six observations, the resulting diifi^ences firoiQ the 
mean would have been fkr more favourable. Tlie folldwiiig h a Vie^ of tliii 


the nwn, andKNult tbsnlbra 


I 


JObimherar 

Obsemnions. 

DiShreace fhah Uw Meta. ’ 

'3., 

+•.97: - 

-jLst' 

. 7 

+Mj» A 


Mean, . 8 


--•ilif' » 


•iihn - 

..^$48 r, 


1 j 


MieHu ,^7 
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As any dilTerence in the tables of refraction employed will equally affect the 
latitude and the zenith distance deduced from it, no correction is necessary on 
this ax;count. 

We have then for the latitude of York Gate, 

By the azimuth and altitude circle and the hori-leio »ir 

zontal floating collimator JO .J4 

By the same instrument and the vertical floating col- ‘1 20 7G 

limator J 

By the zenith telescope and the vertical floating col- 1 20 99 

limator J 

Mean... 51 31 20.90 


In my description of the horizontal floating collimator, I have recomincnded 
it to be employed in an observatory as a Jixed point ; its zenith distance being 
determined by means of the vertical floating collimator. For this purpose the 
box should be of cast iron, the openings in the ends of the box closed by pieces 
of plane glass, and the cover rendered air-tight. Wc have seen that the error 
in the vertical floating collimator is scarcely appreciable, thougli the mercury 
and float are agitated by turning the instrument half round ; and it is not too 
much to anticipate, that where there is no such cause of disturbance, the hori- 
zontal floating collimator will suffer no change of inclination. This, however, 
may readily be ascertained by experiment. 

If I have succeeded in the object of this paper, I sliall have demonstrated 
that the vertical floating collimator is an instrument capable of determining 
the zenith point with a precision hitherto unknown ; that by its aid a meri- 
dional observation of an altitude or of a zenith distance may be completed, 
not only the same evening, but within the space of a very few minutes, and 
that too, without the necessity of turning the circle in azimuth. These are ad- 
vantages which' no other method of observing afibrds, and which astronomers 
well know how to appreciate. If to these be added the fociUty with which the 
floating collimator may be constructed, the ease with which it is used, and its 
general applicability to all astronomic^ drcles, whether small or of large di- 
mensions, it may not perhaps be too much to infer that ere long the use of the 
level and of the plumb-line in ediestial obwrvations wUl be wholly abandoned. 

MDCCCXXVIII. gif ' 
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XIII. On the heigh^of the Aurora borealis above the surface of the earth ; partis 
cularly me seen m the 2^th of March^ 1826. By John Dalton, F.H.S. 


Read April I7t1i, 1828. 


Apprehending that the Royal society win favoui’ably receive accounts 
tiiat have a direct tendency to detemiine the lieight of that interesting phecnit- 
iTicnon, the Aurora borealis, I have been induced to transmit some obsciTutions 
that were made upon a very remarkable one, which appeared in the evening 
of the 29th of March, 1826. From some rcceilt observations, an opinion 
seems to be entertained by some writers, that the aurora is not so high as has 
generally been estimated ; but it is only from facts and observations such as 
the following, I conceive, that any near approximation to the true height can 
be obtained. 

The aurora borealis above mentioned, was of a kind very rarely occurring. 
It assumed the appearance of a rainbow4ike arch, stretching across the mid> 
heaven, at right angles to the magnetic meridian. It was subject to very little 
change of position for an hour or more, and therefore afforded time to observe 
the angle of its elevation above the horizon. In the period of five years* 
observations at Kendal formerly, above one hundred appearances of the aurora 
occurred to me, and only one of the kind just described. I had not an oppor- 
tunity of seeing the one which is the subject of this paper, but it was seen here 
(at Manchester) by a friend of mine about 9 o'clock on his returning home 
from a visit to me. He did not indeed observe the luminous arch, either from 
Its having vanished, or from the obscurity of our atmosphere ; but he remarked 
some beams or corruscations in the north-western hemisphere, of a low alti- 
tude ; and not having seen an aurora for a long time, he induced the family at 
home to go out and catch a glimpse of the phsenomenon, now much more 
rarely seen than formerly. 


2 p2 
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A few days afterwards I accidentally noticed a paragraph in Ae Lancaster 
Gazette describing the luminous arch of the aurora^ as well as the acemnpanying 
appearances; and as such a striking and unusual phaenomenon could not 
fail to attract general attention, I examined the. provincial newspapers and 
other periodicals of the time, and took occasion soon after to make inquiries 
personally, or by writing, of such individuals of judgement as had seen the 
phsenomcnon in various places near the line of the magnetic meridian. The 
result was, a collection of a more complete and extensive series of observations 
than was ever before made, in all probability, towards determining the height 
of the luminous arch of the aurora. — shall now proceed to detail some of the 
particular observations. 

The accounts represent the arch to have been seen in places 1/0 miles 
distant in a north and south direction, and forty-five miles distant in an east 
and west direction, comprising an area of seven or eight thousand square 
miles ; but k; must have been much more extensively visible, as in most cases 
the writers of the different accounts describe their situation as central with 
regard to the phoenomenon. It was seen at Edinburgh and Leith, Kelso, 
Jedbergh, and Hawick in IScotland; at Carlisle, Penrith, Keswick, Cock^- 
mouth, and Whitehaven in Cumberland ; at Kendal and at Kirkby-iStephen in 
Westmorland ; at Lancaster, Preston, Warrington, and Manchester in Lanca- 
shire ; and at Doncaster in Yorkshire. Descriptions of the phaenotnena as 
seen at most of these places were immediately given in the newspajiers of 
Lancaster, Kendal, Carlisle, Whitehaven, Kelso, &c.> and some of these ac- 
counts were copied into the London papers soon after. 

All the accounts tliat 1 have seen from places between Lancaster and Edin- 
burgh, as well as at these two places, agree that a luminous arch was first 
seen about 8 o'clock in the evening ; that it continued without much motion 
for an hour nearly, and then gradually vanished, leaving the nbrthem sky 
ilhiininatcd as usual after an aurora borealis of the common kind ; so that it 
seems impossible to doubt that the same arch was seen at all the places of 
observation, and at the same time. 

A good description of the phsenomenon was published by. MesarS;.: Cold- 
stream and Foggo in the Edinburgh Journal of Science for June 1926': it is 
as follows 
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March 29th. Imiuediately after the fading of the evening tvnlight, at 
gh i 5 in P.M., a bright Ijpminous ray was ^een to rise from the eastern horizon, 
gradiihlly to extend itself towards the zenith; and tliencc to^vards the western 
horizon, presenting, when completed, the appearance of an arch of silvery 
light, similar to thapfeen here on the 19th March, 1825. 

When first formed it was a few degrees to the north of the zenith of this 
place; the light in the centre was rather diffuse; its edges were irregular; and 
the western limb had, as it were, a plumose appearance. It soon evinced a 
decided motion towards the south, and in a few minutes reached our zenitli. 
Its edges were now sharply defined, and throughout its whole course it was 
nearly uniform in appearance and breadth ; the intensity of its light in the 
zenith had increased, while in the same quarter the breadth had considerably 
diminished. 

“ ITie direction it now had was very nearly at right angles with the magnetic 
meridian. 

" At ^ past 8, foint beams of the aurora began to rise from the northern 
horizon, and at one time promised to form a splendid display ; but the con ns- 
caftOns never became very vivid ; they were not rapid in their motions, and 
did not flit along the horizon. 

“ The arch still continued its motion towards the south, and in IS minutes 
passed through a space of about 30”. Its sonthem edge reached a point about 
24” or 2S° sonth of the zenith, beyond which it did not go. 'Ibc light now 
became gradtmlly fliinter, and at length disappeared. . 

“ Meanwhile the aurora in the north continued to play, bnt with no increase 
of vividness. For some minutes, soon alter 9 o'clock, we observed broad 
bands of light, having thmr longer axes (which generally subtend angles of 
abont 18^ or 30”) parallel vrith the horizon, darting with great velocity across the 
illuminBted’ qpace from east to west and from west to east. These formed, 
ran thanr course, and vanished in a moment; they had no vertical motion, but 
they appeared at variottz degrees of elevation, never higher however than 
Soon after tins interesting (and perhaps unnsutd) display, the beams disap- 
pearbdj and aotMnf ^'kft'bnt a difitase lamlAOazness alozlg the hoj^zon.” 

At Jedboigb, 'Hawick aud'JCelso^ places aiboM'frMrtjr miles south of Edin- 
buigfa, the phienomena were much the same as above, as appears from the 
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Kelso Chronicle. (See also the London Courier, April 7th, and other of the 
daily papers.) At Jedburgh the arch is said to havef commenced at 8^ IS* 
on the W. by S. point of the horizon, to have passed south of thh star 
Aldebaran, between Castor and Pollux, and over Arcturus ; its altitude 6(f 
from the S. ; waves of light seemed to run along the^^rch. At 8*^ 30“ the 
whole advanced 20^ to the S. At Hawick it was at first 20° S. of the zenith, 
and at 8** 40® it was stationary at 37° S. of the zenith ; the arch passed 6° N. 
of Arcturus, 7° S. of Cor CaroU, 6° N. of Coma Berenices, through the hind 
foot of Ursa Major, 4° N. of Asellus Borealis, 6° S. of Pollux, through the head 
of Monoceros, through the three stars in Orion’s girdle, and 1® S. of Rigel. 
From this it would seem that the arch, instead of appearing low in the north 
from the last-mentioned places, as it must have done if situated only five or even 
ten miles above the earth’s surface, appeared as far to the south of the zenith 
as at Edinburgh, or rather fiirther. This latter it could not do ; and in such 
eircumstaftces it is reasonable to allow a difference of a few degrees in the 
estimates of altitudes of arches neither well defined nor absolutely fixed, and 
possessing several degrees of breadth ; but it clearly shows the arch not 
low. The author of the Hawick account signs, Gideon Scott. 

At Carlisle, seventy-five miles S. of Edinburgh, the pheenomena were much 
the same as in the preceding accounts. See the two weekly newspapers of 
that city. 

About Cockermouth, twenty-five miles S. of Carlisle, I conversed with many 
persons who \m\ seen the phenomena. One young gentleman, Mr. Harris, 
had committed to paper at the time some notes up^ii it, with which he 
favoured me. According to these, he first saw the arch at 7^ 45“ P.M., it 
extended nearly from the western to the eastern horizon, through the W. 
part of the head of Orion, over Castor and Pollux, S. of Ursa Major; and 
ended in Corona Borealis ; it continued with little variation in its situation 
till near 10 o’clock. At first the west end of the arch was most laminoUs, tmd 
finally before it vanished the east end was the most brilliant. The eastern 
end wiixed and waned frequently. The sky Was very clear, a few streeimers 
appeared low in the horizon. ‘ ' 

At Keswick, about twelve miles east of Cockermouth, the apj^Uince was 
described as follows, in a letter to me from Mr. Otley. This gentlemaji is 
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known, to the public by an elegant little description of the Lakes and Moun- 
tains of the North of £ngland, and is familiar with observations relating to 
meteorology^ and to the angles of elevation of objects. “ About 8 P.M., a 
luminous arch appeared very brilliant ; the outside of the ciii-ve seemed a 
little SOU01 of the z^th. The eastern end tapered to a point above the hori- 
zon ; the western end was broader^ and lost in a cloud which rested on the 
mountain. It disappeared about 10 o’clock.” 

At Whitehaven, one hundred miles from Edinburgh, and a few miles more 
to the westward, a minute description of the phenomenon was given in one 
of the newspapers of that place, by Mr. Holden, lecturer on astronomy, who 
happened to be there at that time. At 8*^ 45*" the cast leg of the arch covered 
a Coronm Borealis, the northern edge of the bow touched Castor ne»vr its 
greatest altitude, and the west leg went over the three small stars marked x 
in the head of Orion. The breadth at greatest altitude was 4® 40', but tapered 
down to the horizon, where it was not more than none-fourtli of that breadth. 
The east leg was 15® north of the east point, and about the same number of 
degrees south of the zenith s and the west leg w^ 15® south of the west point. 
Ai 8”^ the arch had moved southward, Pollux touched the north of tlie 
bow, the west leg extended over « Orionis, and the east leg was still upon 
a Coronee Borealis, but this star had been moving in its apparent track by 
the earth’s motion for the space of twenty-three minutes. He saw several 
small clouds move before and cover portions of it for a few seconds of time. 

From Kirkby-Stephen, about forty-five miles east of Whitehaven, a gooil 
description of the fftieenomenon is ^ven in the Westmorland Gazette. The 
mean breadth of the luminous arch exceeded that of the rainbow, the vertex 
broader^ the extremities narrower, and the light more dense. Ilie arch gra- 
dually ffuled about 10 P.M*, having existed nearly two hours. Tlic light was 
white and transparent. Position at 9 P.M., the arch of a gi'eat circle from £. 
25® N. through the zenith to W. 25® S. At first the eastern extremity of the 
arch wjEiS; near Herculis, thence it passed the north side of Corona Bore- 
alis, ^ough the midst of the seven stars in the Great Bear, over the zenith to 
the north of Castor, exaetly over Bellatrix, after which it contracted to a point 

, Tbit writer makes bo mention of any appearance. 
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Accounts from Penrith were much the same as the preceding ones ; but I 
had no opportunity of seeing any of them. • 

At Kendal, which is 110 or 115 miles S. of Edinburgh, and very neariy on 
the same magnetic meridian, (consequently the same part of the arch must have 
crossed the meridian at both places,) the following is a des^ption of the phsano- 
mena as they appeared there, and might have been adopted with very little error, 
it should seem, for that at Edinburgh or any one of the intervening places, 
except os to the altitude of the summit of the arch. A most magnificent 
meteor was observed here between 8 and 9 o'clock. The appearance .was that 
of a luminous arch, stretching quite across the heavens. Its direction was 
that of the magnetic east and west, intersecting the magnetic meridian at 
right angles. At the same time a splendid light was observable in the northern 
horizon. This meteor was similar in some particulars to one which appeared 
a few years ago.” [Query in 1819 ?] “ The arch itself appeared like two 
frustums of cones; with the less extremity in the horizon, and their bases meeting 
in the zenith. The densest parts of the bow were those near the horizon,* and 
tlie west end the denser of the two.” 

The phaenomenon was seen at Lancaster, twenty miles S. of KendaF, wud 
130 miles S. of Edinburgh ; it was described in the next Lancaster Gazette, 
but without being specific as to the altitude of the centre of the arch. Inquiry 
having been made of on intelligent, medical gentleman who had seen it, he 
described the luminous arch as extending from east to west across the zenith, 
the light increasing in intensity from the arch of the zenith to the line of the 
horizon ; there were those faint corruscations which usually attend an aurora 
borealis. This was about 8 o'clock ; at 1(^ 30* P.M. there was a luminous 
appearance along the northern horizon. 

llie aurora was seen at Preston, twenty miles S. of Lancaster} but Ihave' 
not been able to learn the particular appearances at that plaee. It was also 
seen at Doncaster in Yorkshire, but 1 have not noticed any desoidption of Us . 
appearance at that place. , • 

At Warrington the luminous arch was seen by a friend of min^ fymm 
Crosfield, who was so objfiging as to pve, me interesting informaliott 4ML the 
subject, both verbally and by ^viiting. . He saw the arch.cd^ti9i9*tdhMl4.o^ 
between that and 10, in company.witb, two persoRSi.to wbmbe pmntiriin 



BOREALIS ABOVE THE SURFACE OF THE EARTH. 


297 


it‘ out at the time. At the first glance he took it for the milky way^ but soon 
discovered his mistake| The direction of the arch was from W.S.W. to E.N.E., 
Iiassin^ to the north oCfthe zenith. The western branch was longer and more 
brilliant. He saw no ynorthern lights at the time, neither did he apprehend 
the: pha^pmenon wa^onnected with them. On elevating the pole of a celestial 
globe till the axis*^sed through a series of angles* with the horizon, I desired 
him to fix upon ah elevation which he judged most nearly to coincide with the 
elevation of the centre of the luminous arch. On examination, the angle was 
found to be 61^. 1 then fixed the axis at 70 ^ ; this he was almost certain was 
too high. When it was fixed at 60®, he was still more certain it was too low. 

The aurora was seen at Manchester, as has been stated ; but it docs not 
appear to have attracted much attention at this place. I have not been able 
to trace any account of the phsenomena having been seen further south. 

These are all the material observations I have collectetl ; from which it must 
appear that the descriptions every where given evidently apply to the same 
luminous arch. In proceeding from north to south we find the arch gradually 
advancing in altitude, always crossing the meridian to the smith of the zenith, 
till «e arrive about Kendal, at which place it crossed nearly in the zenith, 
and when at Warrington its culminating was to the north of the zenith. It is 
further remarkable, that in all the places the arch seemed to terminate nearly, 
in the magnetic east and west, or at two opposite points of the horizon ; these 
facts indicated the great height and extension of the arch. 

In order to apply the data to calculate the height of the arch, it is evident 
that observations at Ihe extremities of the magnetic meridians are to be pre- 
ferred, and those on or near the same meridian, all other circumstances being 
the same. Unfortunately, the Edinburgh and Hawick observations do not 
harmonize together : however, those at Jedburgh, a place nearly of the same 
latitnde as Haudek, seem to show that both the others are wrong, or rather 
perhapsi that they' had not been cotemporary with each other and the rest of the 
observations. The Hawick altitude is probably too low, and that at Edinburgh 
conMefobiy too^ hi^; 

in tiM «M»fiai&ty taay bUB idlowed to take the observations at White- 
WtMht^tott da gtddto. Those places are very nearly on the same 
mhgiiodc miles, giving hn extensive 

MDCCCXXVlIt. 2 Q 
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base: the observatione were nearly cotemporaiyyimd made on the same part 
of the arch^ the altitude at Whitehaven be^ 7^^ from the souths and that at 
Warrington 61^ from the north. From th^ data, I fiml the height of the arch 
very nearly one hundred miles above the parth's surfac^e, and its posilion ver- 
tical about Kendal and Kirkby-Stepben,'ti^icb accordR\^ell with the observa- 
tions at those places.' This conclusion is corroborated by the observations at 
Jedburgh and Warrington, where, if we take the angles of elevation at and 
61^ respectively, and the distance on the magn^ic itfsridian 120 miles, Ae 
height will be found between 100 and 1 IG miles. But, lastly, if we assume the ^ 
angle at Edinburgh to be correct at 65^ and that at Warrington at 61^ the 
lieight comes out 150 or 160 miles, and its pbsition vertical about Carlisle, 
which is in opposition to the general tenor of the rest of the observations. 

As for the heights of the streamer or vertical beams seen low in the north, 
we have no sufficient data for determining it. But it is evident that the beams 
which were seen low at Edinburgh were the same as those seen still lower at 
Cockermouth, Kendal, Lancaster, and Manchester, at which last place the 
angle was about 10° as my informant says. Now an object elevated about 25° 
from the north at Edinburgh would apparently be 10° or 12° at Manch^^Si'^ if 
its real height were about one hundred miles above the earth's surface. 

On the whole, I think it is fairly to be inferred that the height of the arch 
could not differ much from one hundred miles ; and that its breadth would be 
eight or nine miles, and its visible length in an east and. west direction, from 
any one place, would be about 550 miles. (Seethe accompanying figure.) 


OInervatms on other Auroree. 

' -V' '' 

The hdght of a luminoiu turch calculated by the late Mr. Cavimi^, ;F.JLS. 
in the Phil. Trans, for 1790, is entitled to nol^. It was found to Jib betwixt 
iifly-two and seventy-<)|ne miles. Ilie observ^||^^ however, were too 

small a distance from each other to stolf w^recision. A base |ii|^ le|st 
forty or fifty miles seems necessary, wl^l^ Object to be mealto«lw|iQe^y } 
neither steady nor well defined. 
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The luminous arch seen at Keswick and Kendal by Mr. Crosthwaitb and 
on Febniaiy Ij^th, 1793, wais calculated to be 150 miles high ; but this 
wa«i f?pm a base of on\i twenty-two miles. (See my Meteorological Observations 
and E^Ws, page GO.)/ ; 

Dr. xVoMsoN has 0ven a bdef Idstory of the Aurora borealis in the Annals 
of Philosopi./for*iai4, Vol. IV. He has copied a table from Bbboman, being 
estimates of the heights of about thirty aurorae obsemd dunng the last cen* 
tuiy, calculated from observations made by different persons in rarions places. 
According to these raults, the aurorae would seem to be of variable heights, 
from 130 to 1000 or more miles. The places of observation arc often un- 
suitably situated ; and the data from which the calculations were made not 
being given, I apprehend the great differences in the heights arise more from 


defects in the observations than from real differences. 

In the same volume Mr. Lonomire gives a description of a luminous arch 
seen at Trouitbeck near Kendal, on the 11th of September, 1814. It was 
similar to that above described, and was most extensively seen t namely, at 
Glasgow, Dumfries^ and Annan in Scotland ; at Dublin and Newry in Ireland ; 
auu at Whitehaven, Carlisle, Kendal, Lancaster, Warrington, arid Laverpool 
in England. It was accompanied with the usual appearances of the aurora 
borealis, or streaniors distant in the north. The observations arc insufficient 
for calcuhring^^e height. 1 find in my journal the aurora was noticed at 
Manchester tW^eniuf, but no particnlars are given. Mr. Lonomire men- 
tions and Dublin on the 17tb of April the same 

year. An aurora v^ seejH in London at the same time. (Annals of Pliilosopby, 


Vol.I|I.p.400.) 

: 1811^, 17 th.— A remarkable aurora borealis was seen this evening 

in yci^ England and Scotland. Mr. Otlby of Keswick first 

dirfiiv|i|y by commimicaring the notes he made at the time 

oed^on when be fiivoured me wit|>. his remarks upon that of 
bjt JgSfS After which . I collect^ dwb other accounts as 1 


yr^firamt 



of t&e The series of observations is 

<7^-,-, from Nenrton-Stevart, 

beantiAil pheenomenon iqtpeiired 
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in our atmosphere here last night ( 17 tli )9 about 8 o’clock : it was a bo;Wr or 
arch of silvery light stretching from east to west^ and intersecting the hemi- 
sphere [meridian] at a few degrees to the southward m the zenith, ^er it 
had remained very brigltt for twenty minutes or so^ darr blanks were / rst ob- 
served to take place here and therc^ and then^ after \x panding , 9 h/ittle in 
breadth and shifting for a short way further to the southward^ it disappeared. 
Some time before it^ appearance the atmosphere had been very cloudy ; but 
when it was formed the sky was free from clouds^ except towards the horizon 
to tlie westward and northward, where they hung very dark and heavy.— It 
was strikingly difT^jrent from any of the usual forms of the boreal lights, which 
too were seen very vivid in the course of the evening.” 

Keswick. Mr. Otlev’s account: — About 7 P.M» (the 17th), a dense 
cloud appeared in the horizon to theN.N.W. bounded by a bright line, the rest 
of the heavens being starry. Presently beams of an aurora began to shoot 
towards the Great Bear. About 8 o’clock a luminous arch extended from 
west to east ; tlie crown of the arch at first appeared to me a little to the north 
of the zenith, and after some time to the south of it, and again more northerly 
before it disappeared, which it did suddenly, a few minutes after 9 o’clock.’’ 

Manchester. — 1 have an account in my journal of an aurora, seen here the 
same evening, but no particulars arc given. 

London. — ^The aurora was seen in and about London the same evening. 
(Sec pages 478 and 480, Vol. XIV. Annals of Philosophy.) 

Gosport. — In the same volume of Annals, page 395, there is an account of 
the same aurora as seen at Gosport Observatory, Hampshire, on that evening 
by Dr. Burney. "Ilie tbllowing is an extract : On the 17th instant, at 7 P*M. 
a liglit about 30 ° on either side of the magnetic north point appeared in: the 
sliape of a luminous arch whose apex was 18^ above the horizon.” He then 
describes several beams of the common aurora which successively: appeared 
and traversed about for a time chiefly within the arch, and then, vanished and 
were succeeded by others. After which, he adds : iSoon after this (9. olclocfc) 
the luminous arch in the northern hemisphere entirely disappeared, an^JIPiH^ 
haze collected near the horizon.” 

Gospoii and Keswick are very nearly under the same 
and 2G5 miles distant. Newton-Stewart is N.W< by dislairt 
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about sixty-five milesj but only thirty-five miles in a meridional direction. No\^ 
I iiUa^ne it will be allowed that an extraoi^inary luminous arch seen at New- 
ton-i^ewart to cross Hhe meridian a few degrees south of the zenith, and to con- 
tinue^Wj^m 8 to nenr 9 o’clock, nearly in that position, must have betui 
the attf at Jtcswick at the same time to cross the meridian in like manner 
from east to west, and to pass nearly through the zenith. It may well be sup- 
posed, then, that this arch crossing through the zenith at Keswiek would have 
a very diminished altitude if seen at Gosport, 265 miles south. From the 
account I have extracted, it appears that a luminous arch was seen there at (he 
same time it was seen at the other places, and crossing tlie meridian at right 
angles, only its altitude 18® from the north, instead of being in the zenith, .'is 
at Keswick, or a few degrees south of it, as seen in Scotland. And further, thti 
arch vanished at all the places at tlic same time. It scarcely admits of doubt, 
then, that these arches were all one and the’ same. By calculation from the 
data at Gosport and Keswick, I find the height of the arch above Keswick to 
be 100 or 102 miles ; from which the angle of elevation from Newton-Stewart 
must, have been 71 ® from the south, or the zenith distance of the arch 19«, 

A luminous arch was seen at Kendal on the 27th of December, 1827, of 
which my friend Samuel Marshall was so good as to write me a circumstantial 
account. It was first seen at ten minutes past 6 in the evening, being an 
arch betW^ the magnetic east and west, and passing through tlie zenith. It 
was broadest in the zenith, and it was more condensed in the eastern extremity 
than in the western. ''Another parallel arch appeared about 20'’ north of the 
former, of rather less intend light ; and tlie northern horizon was luminous as 
^ual on such occasions. After ten minutes or more, the arches advanced each 
of thenito the' south 20^ with their centres. The appearance lasted about half 
an h<m. A'foW streamers were seen in the east, which moved slowly north- 
MARsihaU. thinks the appearance would have been splendid if the 
kiifoohbad ttot ifobneat tfie halo round thb moon vanished when the 

bow approached it; ' I Observed a halo round the moon at Manchester that 



Mr. Buchan, a gentleman accustomed to meteorological observations, had 

Mttichester on that evening ; but 
did not inquire 
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particulars till I received the above account from Kendal. Mr. Buchan in- 
forms me he saw a luminous arch that evening, about 9 o’clock ; the arch 
was highest to the west of the meridian, and its altitudel was very nearUf the 
same as the north pole, just under which it passed ; he c|^timates it at SjT, and 
thinks it could not be above I’’ more or less. As this observ a^op was i^ot co- 
temporary with that at Kendal, nothing certain can ^be deduced from them, 
but it may not be amiss to observe that an object in the zenith at Kendal, and 
elevated Sd*’ from the north at Manchester, must be nearly one hundred miles 
high. 

The results of this series of additional observations agreeing so nearly with 
that of the 29th of March, 1826, 1 am induced to believe that these luminous 
arches of the aurora which occasionally appear, stretching from east to west, 
are all of the same height, and that height about one hundred miles. What 
length the upright beams, — or to speak more properly, those parallel to the 
dipping needle, — may be, which are the ordinaiy forms of the aurora, we have 
not observations to determine. Whether those beams arise above the arches as 
from a base, or whether they descend below, as if appended to the arches^^ 
cannot absolutely determine. It is remarkable that the arches and beams 
should rarely, if ever, be seen cognate or in juxta position, but alwayis in parts 
of the heavens at a Considerable distance from each other. 

Manchester^ 

March 18, 1828. 


Postscript. 

• / 

Query ^ Are the parallel bands usually about 20 degrees asunder ? If so, 
their distance from each other will be about thirty-six miles. 
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XIV.W comiforism pf the changes of magnetic intensity throughout the day 
in dicing and horizontal needles^ at Treurenburgk Bay m Spitsbergen. 
’ By Caftain ^nry Foster, RN. F.RS. 

Reid May 6 , 18 S 8 . 

The few observations 1 had an opportunity of making at Port Bowen in 1825, 
op the diurnal changes of intensity shown by the dipping and horizontal 
needles, first suggested the idea of a daily rotatory motion of the general 
polpnzing axis of the earth, as the cause, not only of the diurnal changes of 
iptensityil^ut plso of the diurnal oscillations of the^horizontal needle throughout 
the world. And the circumstance, of the times of the maximum and minimum 
$^ect of ^hese ^phsenomena, occurring generally when the sun bore north, 
and west by compass, indicated his agency in producing this 
inot^pn,of the pole. 

The entire confirmation of an hypothesis so important in the thcory'of ter- 
restrial magnetism, requires the evidence of varied and extensive observation ; 
and as my professional pursuits have recently led me to revisit those regions 
best calculated for the experiments, I have thought a continuation of them 
under favourable circumstances, might prove an useful auxiliary to those 
already honoured with a place in the Philosophical Transactions for 1826. 

The observations which I have now the honour to present to the Royal 
l^ocifty, pr^^perfpmed in a manner somewhat different from those alluded 
to at Port Bowen,^ ^hich were made with one needle only, first as a dipping 
nee(U6> and then suspend horizontally. Whereas in this case, two needles 
were employed, each in its respective capacity ; an arrangement far more con- 
venient in practice, and equally satislactory as to the object I bad in view ; 
which was simply to ascerUfin, whether or not a corresponding change of in- 
tenrity exhibited ila^ in both needles, >;whether each was differently affected 
whether such cjbange bdoiig^ to the horizontal needle alone. 
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The expression for the intensity of the dipping needle, is I = 2 A 
and for the horizontal needle, I = 2 A i denoting the dip* a! a 


J denoting the dip, A a 
ange took piace in the co-efticient 


general co-cfficicnt. Consequently, if the change took piiace in the co-ekicient 
A only, that is in the general magnetic intensity, both needles woridbe pro^ 
portionally affected, and in the same manner ; but if the change were in the 
dip only, then the two needles would be differently affected; the dipping 


needle, as i / - — ■ * , and the horizontal needle, as ^ 

' V 4 — 3 sin * B ' 




r>ne would increase in intensity and attain its maximum, while the other would 
decrease and attain its minimum, and vice versa. 

If both I and A be variable, the relation between the simultaneous intensities 
of the two needles would remain the same as if ^ only changed, because.it is 
common to both needles ; but the comparison of the same needles, at different 
times of the day, would be considerably modified by such a,,. change in the 
value of A, and which would appear to be the case both from the present obr 
servations and those at Port Bowen. For example, if A was a mmpmum when 
the dip was the greatest, and consequently when the horizontal intensity, Tnonf;' 
considerations of dip only, was the least, the one effect would in some measure 
counteract the other on the horizontal neeille ; whereas the dipping needle 
would have its intensity increased from both these causes operating at the 
same time, and contrariwise if at the moment of least dip A should be at its 
minimum. It is, however, by no means my intention at present to enter upon 
this intricate inquiry ; my object being to examine wheUier the simultaneoiie 
changes in the intensities of the two needles are of^a cl^^cter to indicate^ ^ 
change of dip as one at least of the causes, or whether the dip rwuns epnstaut, 
and the change is due to that of intensity alone. As far as th}s question ^is 
concerned, the results arc cerkinly satis&ctory ; .^r on compai^ the inteni. 
sitics of the two needles given in Table II. it will be found the injt^ty,, 
of one needle was generally the greatest when the qtfier was tips least, , and>tfae/ 
contrary. That a change actually takes pbee in the genera) int^isity .pf 
earths magnetism, is as an. hypothesis very reASpuable ; still, >howevev,)ili»i9i^ 
but an hypothesis, and as such I shdl not .insist uppn it 
standing the circumstantial evidence fuimished by these, 
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it for more extended experiments to decide, and proceed at once to a detail of 
those observations from which the former deduction is made. 

Wk,h respect to the|instruments, they differed so little from those employed 
at Poh Bowen, which have already been described, tliat it is unnecessary to 
say more than that the dipping needle was one belonging to the Board of Lon- 
gitude, and made by Dollond ; the needle used was in form a pamllclopipedon, 
6 inches long, 0.4 broad, and 0.05 thick, and that its magnetism was not in- 
terfered with while it was in my possession. Tlic same may be o1)servcd of tlie 
horizontal needle, which was one of the same form and weight as tlie above. 

The experiments were commenced upon the 30th of July, and continued to 
the 9th of August by myself only ; and they were so arranged, that in the 
course of two days an observation was made every hour of the twenty-four, but 
part of them in one day, and part of them in the other, as shown in the Table. 

Previous to the commencement of the observations, the silk thread (eleven 
inches long) which was employed for suspending the horizontal needle, was 
divested as far as could be of torsion, by suspending a brass needle of like 
form and of equal weight with the one above described ; it was then replaced 
by die magnetized needle itself, the centre of which was brought directly over 
the centre of a graduated circle, by means of foot-screws attached to a board 
on which the apparatus stood. Tlie needle being thus freely suspended, it was 
drawn out of the magnetic meridian somewhat more than 40 degrees, by a 
contrivance for that purpose ; but its oscillations were not noticed until the 
arc had decreased to 40 degrees, when the observations were commenced on the 
times of performing tSi vibt^ions successively, until two hundred were com- 
pleted; the terminal arc and temperature of the instrument were then registered, 
and in this manner all the results g^ven in the following Table were obtained. 

. The vibrations on the dipping needle were taken as follows : viz. one hun- 
dr^ iMth the face of the instrument East, previous to those on the horizontal 
^ above described ; and another hundred after the latter, with the face 
W4st'; So that the mean time of observation for both needles was nearly the 
saMey'hs MUbe ebbd by refl^ng to Table I., relative^ to which, however^ it 
should be hblBahreyi^ ' that although two hundred vibrations were taken by each 
neddlo,^ the thud Of j[»eUcihhihg One hundred only is recorded in the Table, as 

2 
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Table I. 

Containing the Observations on the Diurnal Change's of Intensity in the 
Dipping and Horizontal Needles at Treurenburgh Bay in Spitsbei^en^ in 
the Months of July and August 1827. ^ * 


DdtC!l. 

Dipping N(‘t‘dle. 

Horizontal Needle. | 

Hour. 

Time of 
porfonning 
100 Vib*\ 

Moan Arc. 

Temp. 

Fahr. 

Hour. 

Time of 
performing 
100 Vib". 

Mean Arc. 

Temp. 

Fahr. 



M 



n 

h m 

8 


0 . 

July 30, A.M. 


BO 


35 


1 56 

619.O 

96.9 

.34} 





344 

2 56 

620.0 

24 

34| 



391.2 


34 


3 50 


93.7 

35 



291.4 


34 


4 48 


24.5 

34 


6 1 


BmjiS 

35i 


5 52 

618.7 

25 

35 


7 0 

291.9 

23.2 

35 

: 

6 56 

619.4 

26 

36 


7 47 

392.3 

32.8 

36 


7 46 

619.4 

26 

35 


5 35 

391.3 

21.3 

36j 

■ 

5 36 

613.6 

25.5 

.36} 

P.M. 

6 3 

291.2 

21.2 

351 


6 22 

616.6 

25 

3^ 


8 14 

391.9 

32.2 

35j 

: 

8 19 

615.6 

25 

36}, 


8 56 

291.7 

32.3 

35j 


9 00 

615.8 

26 

36} ' 


9 38 

291.6 

21.7 

36 


9 39 

616.0 

26 

36 


10 26 

291.6 

21.7 

36 


10 37 

615.1 

25 

36.. 


11 16 

291.4 

21.3 

35i 

11 25 

681.1 

26 

36 


13 02 

391.8 

21.3 

35 


12 00 

620.4 

25 

37 . 

July 31} A.M. 

9 17 

292.3 

*1.7 

40.2 

9 23 

618.6 

2.4 



10 18 

291.8 

21.3 

41.2 

10 23 

616.1 

25| 

43 


11 30 

292.4 

22 

41 


11 25 

612.5 

254 

41 

P.M. 

0 18 

292.0 

23.2 

40i 

0 22 


26 

42 


0 57 

292.6 

22 

40 


0 54 

611.0 

25} 

42 


1 56 

292.8 

22.3 

40 


1 54 

613.9 

26 

42 


2 56 

393.0 

22.5 

39: 

: 

.2 54 

619.1 

26 

40} 


3 53 

392.5 

22.3 

391 


3 51 

699.0 

26 

40 

Aug. 1, A.M. 

0 55 

291.7 

32.2 

38 


0 50 

619.8 

26 

39 


1 55 

292-O 

32.1 

38 


1 55 , 

618.6 

25} 

39 


2 54 

291.6 

31.9 

384 

2 50 

617.7 

26 

39 ; 


3 53 

291.6 

22.2 

89 


3 51 

618.3 

25} 

40 ^ 


4 53 

293.3 

32.3 

m 

4 50 


25} 

40}. 


5 50 

293.4 

22.1 

40 


5 47 

618.9 

25} 

41 


6 57 

292.3 

32.2 

41 


6 54 

619.6 

26 

42 


7 41 

393.4 ' 

31.8 

4U 


7 42 

619.9 

25} 

43 

P.M. 

5 S6 

292.9 

22 

48 


5 37 

617.0 

25} 

50}. 


6 57 

293.8 

224 

47! 


6 56 

616.8 

25} 

46i; 


7 57 

293.6 

22} 

47 


7 68 

617.4 

25} 

60 i 


9 1 

292.6 

22.3 

47 


8 56 

617.9 

26 

52 > 


9 56 

• 293.3 

22.2 

44 



617.1 

26} 

45 


10 46 

293.3 

82.3 

42| 

1 


617.7 

25} 

44 i 


11 53 

293.7 

20.7 


[_ 

11 48 

617.5 
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Table I. (Continued). 
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In order to bring more clearly into view the results of the foi*egoing obser- 
vations, the following Tabic has been formed, by adding together all the times 
each^ncedlc took to perforin one hundred oscillations at tlie respective hours 
of obsWvation on the several days, and converting these times into proportional 
intensities. In the third and sixth columns are inserted the numbers ex- 
pressivc of intensities, which have been obtained, by squaring the reciprocal of 
the times, and multiplying those squares by 100,000, to render them all in- 
tegral. 

Table II. 


j Dipping Noedle. 

Horizontal Needle. 

Hour. 

Titnc in seconds 
of pcrfomiing 
100 oscillations. 

Proportional 

Intenuty. 

Hour. 

'rime in seconds 
of performing 
100 oscillations. 

Proportionul 

liitentity. 

h m 

A.M.0 62 

291.9 

1173 

A m 

A.M.0 61 

620.6 

2.597 

1 49 

291.8 

1174 

1 46 

620.0 

2601 

2 48 

291.8 

1174 

2 48 

620.0 

2601 

3 44 

291.7 

1176 

3 44 

620.6 

2696 

4 46 

292.1 

1172 

4 45 

619-8 

2603 

6 48 

292.2 

1171 

6 46 

619.3 

2607 

6 47 

292.2 

1171 

6 46 

620.4 

2698 

7 40 

292.7 

1167 

7 41 

620.6 

2696 

9 16 

99S.6 

1168 

9 22 

618..*! 

2616 

10 00 

292.9 

1166 

10 2 

618.0 

2618 

10 62 

292.8 

1167 

10 64 

617.1 

2626 

11 47 

293.0 

1165 

11 49 

615.9 

2636 

P.M.O 47 

293.1 

1164 

P.M. 0 46 

615.9 

26.36 

1 60 

293.1 

1164 ' 

1 48 

616.8 

2629 

2 47 

293.4 

1161 

2 47 

618.9 

2611 

3 40 

293.3 

1162 

3 41 

618.9 

2611 

6 43 

292.3 

1171 

5 47 

617.B 

2620 

6 43 

293.0 

1165 

6 44 

618.8 

2612 

8 7 

292.4 

1170 

8 7 

6I8.9 

2611 

8 63 

292.6 

1169 

8 62 

618.8 

2612 

9 61 

292.1 

1172 

9 62 

618.2 

2617 

10 49 

i 292.2 

1171 

! 10 62 

618.8 

2612 

11 47 

292.0 

1173 

11 48 

619.3 

2607 


On looking over this l\d)le it will be seen, that when an increased intensity 
obtained in the dipping needle, a corresponding diminution generally exhibited 
itself in the horizontal needle, and vice versa. But to compare this Table with 
th(i results deduced from my former experiments, and with the hypothesis of 
a Rotation of the general polarizing axis of the earth about its mean position 
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as a centre, it will be best to express the intensities in terms of the magnetic 
latitude; viz. 

* 1 5= A + 1 = Intensity dipping needle, ^ 

1 = A cos ^ ss= Intensity, horizontal needle : ^ 

where X is the magnetic latitude. If we assume 81^ os the mean dip at Treu- 
renburgh Bay, and since 

Tang, i = 2 tang. X, 

or tang. X = J tang. 81®, we liave X = 72® 30' the mean magnetic latitude. 
Let j; be the radius of the circle of rotation assumed in the hypothesis ; then 
the extreme latitudes will be 72 ^® + x and 72j® — x, and the intensities va- 
rying in their greatest extreme, as 2596 to 2636 ; we have to find x such, that 

Cos (72^-® + :r) ; cos (72j® — x) : 2696 : 2636. 

This gives a: == 8 minutes very nearly ; whereas in my former paper I suppose 
this radius not to exceed 2^ minutes. In that case, however, the deduction 
was made from the mean results of several months* observations, commencing 
with January, when the effect is the least ; whereas this is drawn from the 
extreme results of eleven days only, and at that season when the effects are, 
the greatest. 

Assuming the above radius of rotation, viz. 8 minutes, it is easily ascertained 
that the corresponding maximum change in the daily variation ought to be 
54 minutes ; whereas it appears by the Table published in the Appendix to 
Captain Parry's Narrative of his Attempt to reach the North Pole of the Earth, 
to have amounted to 1® 32' from the mean of eleven days’ observations. 

The 2} minutes assumed as the radius of rotation of the magnetic pole, from 
the mean of the Poit Bowen experiments, is certainly too small to answer even 
to the mean results : but if we take the mean results as there obtained for the 
month of May, which was the greatest observed, it will be found that the 
radius of rotation would require to be taken at 8 minutes, the very quantity 
above determined. It will, however, be seen by referring to the paper in which 
the former experiments and observations arc recorded, that the 2§ minutes 
assumed for the radius was stated as a quantity altogether conjectural, no 
attempt being made to establish it by calculation. At all events it will be 

* Barlow’s Essay on Magnetic Attractions, page 197» Snd edition. 
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necessary to consider this radius as changing very considerably as the sun 
advances to the north, 

The change of intensity in the dipping needle as deiKinding on the change 
of dip or of the magnetic latitude, would be only as 3/26 to 3732, whereas it 
is found, to amount to ffjrd part of the whole. This therefore seems to indicate 
a change in the 'general co-cfficient A, and tliat this is greatest when tlic dip 
is greatest, and least when the dip is loist. 

We might be able to separate these two counteracting eflfccts on the hori- 
zontal needle; but it would probably be considered too speculative in the 
present stage of this inquiry. All therefore that I shall consider as demonstrated 
by these experiments is, that the cause of the daily change in the horizontal 
intensity is principally due to a change of dip, us I found to be the case at 
Port Uowen, and that the times of the day when these cknges ai'e the givatest 
and least, point clearly to the sun as the primary agent in the production of 
them ; and that this agency is such as to produce a constant inflection of the 
pole towards the sun during the twenty-four hours: this is, I think, clearly 
established as far as comparison has yet been made, and I hope soon to be 
abfc to submit this inquiry to the test of experiments under circumstances so 
different in every respect from these and the fonner, that they cannot fail of 
either confirming or contradicting the hypothesis in question. 

Irndm , Hbnry Foster. 

March ith, 1828. 
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XV. Experiments relative to the effect of temperature on the refractive index and 
dispersive power of expansible fluids^ and on the influence of these changes in a 
telescope with a fluid lens. By Peter Barlow, Esq, F,R,S, ^c. 


Read May 15, 18S8. 

In a paper I had the honour to present to the Royal Society in January last, 
relative to the constniction of achromatic telescopes with fluid lenses, I have 
stated that between the temperatures of 31° and 84° I had not been able to 
detect any very sensible change in the index denoting the focal length of the 
telescope : these observations however being made lit intervals of some months, 
I was doubtful whether there might not be some minute variation which had 
escaped my notice ; and I have since, by means of tempeniture artificially pro- 
dueed, ascertained that there is a certain small change, and the amount of that 
change, which is iVv^ths of an inch in the length of the telescope employed, 
between each of these extremes and the mean temperature of 57°. Tliat is, the 
eye-piece of the telescope and the fluid lens being fixed, as was the case in 
this instrument, the plate lens required an adjustment of 0.134 of an incli, 
between the temperature of 67° and each of the above extremes, to produce 
the brightest and most perfect image. 

Before I proceed, however, to detail the results of my inquiry on these sub- 
jects, it will be proper to define a few terms which appear in one or two in- 
stances to have been misunderstood. 

1. The length or focal length of the telescope, is the distance from the front 
lens to the focus. 

2. The fluid focus or fluid focal length, is the distance from the fluid lens 
to the focus. ' 

3. The focal power of the telescope, or the equivalent focal length, is the 
focal length of a telescope of the usual construction, which gives the same 
conyergen<7 to the rays or the same riaed image as the telescope in question. 

MlKiCCXXVllI. 2 s 



•314 MR. BARLOW ON THE OmCAL PROPERTIES OF EXPANSIBLE FLUIDS. 

In what follows : 

/ will denote the length of the telescope. 

/the focal length of the plate lens. ' 

/' the focal length of the fluid lens, 

f' the fluid focal length. 

f'" the equivalent focal length. 

(I the distance of the lenses. 

Under the particular form of construction to which we are now referring, 
f and /" remain fixed or constant, but the rest arc variable under different 
temperatures, in cons(!quencc of the effect which temperature produces in the 
value of /'. 

If we knew the change in the value of f\ or in the refractive index of the 
fluid under different temperatures, we might proceed immediately to compute 
its effects on the focal power of the telescope ; but as this may be considered 
donbtful, I have endeavoured to determine the effect on the power of the 
telescope by direct observations, and have thence computed the corresponding 
cluinge in the refractive index of the fluid. 

In order to determine Uie change in the position of the front lens due to a 
certain range of the thermometer, I placed the telescope in a small room about 
twelve feet square in my garden, and having adjusted it very carefully to a 
dial-plate of a watch, at the distance of 150 feet, when the thermometer was 
at 40*^, 1 had a fire lighted, the room shut up, and the temperature gradually 
raised to 7^°, re-adjusting and registering the focus for eveiy change of 5®. 

As, however, the intermediate changes were very small, it will be sufficient to 
state, tliat between the two extremes, viz. 40® and the whole change was 
0.1 77 of an inch ; and hence, supposing the change uniform for equal variations 
of temperature, we find for the difference between the mean temperature of 57® 
and each extreme before mentioned, viz. 31® and 84®, an alteration in the 

length of the telescope of .134 of an inch, as stated in the beginning of this 

' 

paper. 

Ill the instrument on which these observations were made, the following 
the valiu s of t\\6 different quantities at the mean temperature 67®; vlx./^fe ^12.5, 

/' = 32.05, /" = 40.5, / = 54.92, d s= 14,42, =sj^,= 7*.^, 
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And since by the observations above referred to, the value of d varied 0.134 
of an inch between the mean temperature and each of the extremes, we liave 
in one case d=: 14.564, and in the other d = 14.28G. Whence the focal power 
of the telescope was 

at 31% /" = ^5 = 73,34 
at 84% = ^5 = 7^.28 

So that the instrument being adjusted at the mean temperature 57®, and 
fitted with a micrometer, it will require a correction of about piw’t of the 
angular measure for every change of I*’ in tlie thermometer ; that is, a 60th 
part of a second for every minute in the angle, a quantity too small to require 
any notice, except in cases of extreme delicacy. 

In order to find the actual change in the focus of the fiiiid lens wliicli 
rendered the foregoing adjustments of the plate Ions necessary, we have 
1 1 _ 1 1 I _ 1 

f~d “ 7 ^' “ 7 ^ — 7 ^‘ 

In Aids expression, f' = 40.5,/— d at 31® = 17.946 

/-dat57° = 18.080 
/-dat84® = 18.214 

And substituting these values successively for/— in the above expression, 
we find f* at 31® = 32.222 

f at 57® = 32.650 
f at 84® = 33.090 

And since it has been shown, Phil. Trans. 1827, Art. XV. that = di- 
spersive ratio, we have at 31® dispersion = .3067 
57® dispersion = .3076 
84® dispersion = .3084 

a difference sufficiently B rnal] to baffle the most acute and experienced eye. 
The change therefore in the power and colour of the telescope is so small, and 
the correction due to it (in any case where such correction is thouglit necessary) 
80 . easily made, that an instrument on this construction may I trust be con- 
rfdered just as appUcable to all the nice purposes of modem astronomy, as one 
of the usual'i^fraetorB of the same power. 

2s2 



316 MR. BARLOW ON THE OPTICAL PROPERTIES OP EXPANSIBLE FLUIDS. 

The very inconsiderable change in the focal power of the telescope led me 
to conclude, in the early part of my experiments^ that no optical change took 
place in the fluid between the above limits, or at leafit that the change was 
(extremely small. It appears however from the preceding experiments and 
investigation, that the permanency of the telescopic effect is attributable to 
the peculiar construction of the instrument, and that the change in the 
refractive index of the fluid is much more considerable than I had imagined ; 
for wc have seen that the focal length of the fluid lens was at 31° = 32.22 

at 57® = 32.65 
at 84® = 33.03 

And since the focal length is C£Bteris paribus inversely as the index, and the 
index at 57® being 0.634, we find 32.22 : 32.65 : : 0.634 : 0.642 

33.09 : 32.65 : : 0.634 : 0.626 

Hence the mean index of the sulphuret of carbon is at 31° = 0.642 

at 57° = 0.634 
at 84° = 0.625 

That is, with a variation of temperature of 53° ; the change of index aniounts 

017 * * 

to = yVth part nearly of the whole index at 57°. 

Which, supposing the change to be uniformly proportional in greater ther- 

mometrical ranges, gives a change in the refractive index of nearly iVth 

between 32° and 212°. Now it has been stated on the result of experiment 

(Dr. lire's Chemical Dictionary), that the expansion of sulphuret of carbon 

amounts to 4 ^th between the above limits. We have therefore strong reasons to 

conclude that in this, and all other expansible fluids, the index of. refraction 

varies directly as the density ; the trifling difference in the two results being 

attributable, in all probability, to slight errors of observation in one or other 

of the two processes, so different from each other, from which these results are 

deduced. 

With respect to the dispersive ratio, it is probably the same at all temp^ 
ratures ; for, supposing 1 ; 1 + a 1 ; I + o', 1 : 1 + to he the ratio of the 
sines of incidence and refraction of the extreme and mean rays of the sjpectrum 
at any given temperature, the dispersive power is ekpressed by ^ . And 

as we have seen that the mean index <i' varies as the density of the fluid, we 
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Imve strong reason to suppose that a and a" vary also in the same proportion ; 
and if so, the dispersive power will of course remain constant ; and this de- 
duction is verified, as for as the eye can judge of colour in the telescope, by the 
preceding experiments, which certainly indicated no perceptible change in the 
colour of the image. This, however, is a subject I intend to examine more 
particularly when my large telescope is completed. 

It may be proper to observe, that the form of the instrument here employed 
differs a little from that described in my former paper : in the latter, the plate 
lens is a fixture, and the adjustment is made by a slight motion of the fluid 
lens. In this 1 can move either lens at pleasure ; and I have chosen to fix the 
fluid, and to adjust the plate lens, merely for the sake of simplifying the 
investigation. 
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XVI. On some circumstances relating to the economy of bees. ' By Thomas 
Andrew Knight, Esq. F.R.S. President of the Horticultural Society. 


Read May 22, 1828. 


In a paper which I had the honour to address to the Royal Society about 
twenty years ago (in the year 1807) upon the Economy of Bees, I stated, that 
having adapted cavities in hollow trees for the reception of swarms of tliose 
insects, I had observed that several days previous to the arrival of a swarni, a 
considerable number of bees were constantly employed in examining the state 
of the tree, and particularly of every dead knot above the cavity which ap- 
peared likely to admit water into it. At that period it appeared to me rather 
extraordinary, that animals so industrious as bees, and so mucli disposed to 
make the best use of their time, should, at that important season of the year, 
waste so much of it in apparently useless repetitions of the same act : for I, at 
that time, supposed that on different days, and at different periods of the same 
day, 1 saw only the same individuals. But in a case which at a subsequent 
period came under my observation, where the cavity into which the bees 
apparently proposed to enter, was not more than a quarter of a mile distant 
from the hive whence a swarm were prepared to emigrate, I witnessed a very 
rapid change of the individuals who visited their future contemplated ha!)i- 
tation ; and the number which in the course of three days entered it, appeared 
to me to be fully equal to constitute a very large swarm: and upon the 
evidence of these and other facts, which I sliall proceed tq state, 1 am much 
disposed to infer, that not a single labouring bee ever emigrates in a swanii 
without having seen the future proposed habitation of that swarm. That the 
queen bee has also always seen her future habitation, I am also much inclined 
to believe, as she is well known to absent herself from the hive some time 
previously to the emigration of a swarm : though her object may be to meet a 
male of another hive ; for I much doubt whether she ever receives the embraces 
of a brother. The results of some of Huber’s experiments are very favourable 
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to this conclusion, as is the othemise excessive number of male bees, and in 
both the animal and vegetable world nature has taken very ample means of 
facilitating what the breeders of improved varieties of domesticated animals 
call cross breeding. 

I have also been led by the following facts to believe, that not only the 
future permanent habitation of each swarm, but the place where they tempo- 
rarily settle, apparently to collect their numbers, soon after they quit their hive, 
is known also to each individual. Different families of domesticated animals 
of every species present some peculiarities of disposition and habit ; and the 
swarms of the family of bees, which were the subject of my experiments, 
showed, I think, more than an ordinary disposition to unite, by two apparently 
joining the same queen. My attention was consequently attracted to the 
circumstances which preceded such unions. 

The simultaneous movements and notation of two hives, had during several 
days led me to expect that a junction of their swarms was contemplated ; and 
the two ultimately issued out almost at the same moment, and instantly united, 
as 1 had concluded they would. Tlie weather wna excessively hot ; an^ I put 
them into a hive which was Scarcely large enough to hold them, affording 
them no further shelter from the sun than I thought just sufficient to prevent 
the melting of their combs. This occurred upon the first day of June, and in 
the morning of the twenty-third a very large swarm emigrated. There was in 
this, 1 believe, nothing very extraordinary or peculiar, except the excessive 
expedition apparently employed in raising a second queen. 

In the following year two other hives presented similar indications that their 
swarms would unite ; and being anxious to ascertain whether such unions were 
accidental, or the consequence of previous arrangements, I paid very close 
attention to their proceedings, and the following singular circumstances came 
under my observation. After both hives had gpven frequent indications that a 
swann was ready to issue from each of them, one swarm only rose, and that, 
after hovering in the air during a much longer time than Ordinary, seS^ed 
upon, and around, a bush about twenty-five yards distant from the luVe, wiience 
they had issued ; but instead of collectifig together into a compact ^fiftass, as 
they usually do, they remained thinly dispersed, scaredy two being.any where 
in contact with each otheir. In this state thej^' contifined neoriylialFn li^ 
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motionless and apparently discontented and sulky ; and they then gradually 
began to rise and return home^ not apparently in obedience to any command 
or signal ; for they did not rise more abundantly at any one point of time than 
at another, but each individual seemed to go when tired of waiting. 

The next morning a swarm issued from the other hive, and proceeded to the 
bush upon and around which the other swarm had settled on the preceding 
day, collecting themselves into a mass as they usually do when their queen is 
present. This was precisely what I had anticipated, but 1 was much disap- 
pointed that no movement or agitation took place in the other hive. Within 
a very few minutes, however, and very soon after tlie swarm above mentioned 
had fully settled, a very large number of bees suddenly rushed from the hive 
to which the swarm had returned on the preceding day, and proceeded so 
directly to the swarm which had just settled, that their course was marked 
through its whole extent by a perfectly visible dark and narrow line, and they 
united themselves, without hovering a single instant^ to the other swarm. These 
circumstances conjointly with others which I have stated in my former com- 
munication upon this subject, satisfied me that these unions arc generally, if 
not always, the result of previous and perfectly swell understood arrangements, 
though it is not easy to conjecture how such arrangements can be made. 

I shall i proceed to state a few circumstances which appear to throw light 
upon some of the phenomena observable in the mode of breeding of bees. It 
has Imig been known that tliese animals possess the power of raising a queen 
bee from any recently depqsited egg, which under ordinary circumstances 
would have produced a labouring bee ; but whether this poqfcr extends to those 
egg8,'Whieb> when deposited in larger cells, afford male or drone bees, has not,' 
1 believe^ been accurately ascertained. The following circumstances lead me 
to beli€m.ithat<8ex is not given to the eggs of birds, or to the spawn of fishes 
or ifiseMvatany very early period of their growth. 

. 1 selected >eai;ly in winter four female birds of the common duck, which I 
kep(;,npcw(^fn)i^ any male bird of that or any kindred jsipecies, till the period 
of; AfSC^Aqi^ngfegge. approached. One was then killed, and the largest of its 
hft three lines in diameter. A musk drake (Anas moschata) 
IRtg.oompmw.with the, three, remajming ducks ; and from these I 
PWt 9 f<,iejrfn of irhich provnd to be male., 

. ' NDCCCXXVIII. 2 T 
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as the result of similar previous experiments (but In which the male of another 
species had been introdueed at a period when the growth of the eggs was less 
advanced,) had led me to expect. 1 repeated the experiment often^ and always 
with nearly the same result, a Large majority of male birds being uniformly 
produced ; and hence I conclude that the eggs of birds in early periods of their 
growth are without sex. 

I have never possessed means of obtaining mule fishes ; but one kind of fish, 
which I think is obviously a mule, is found in many rivers where the common 
river-trout abounds, and where a solitary salmon is sometimes seen. These 
formerly existed, in some seasons, in considerable numbers, in the river which 
passes near my residence ; but since salmon have become scarce, they have 
wholly disappeared. I had formerly opportunities of examining a large number 
of them, without having ever found a single female. I have subsequently found 
them in large numbers in small mountain rivulets in Wales, below, but never 
above, tlie lowest Cataract. They are readily distinguished from the young 
salmon, by their form bejj^g intermediate between that of a trout and of a 
salmon ; by tlieir being all, or nearly all, males ; and by their remaining 
through the summer and autumn in the rivers, long after the young salmon 
have descended to the sea ; they leave the fresh water with the first winter 
floods, and I believe are not known ever to return. In the North of England 
they arc distinguished by the name of wrackriders, and by that of samlets in 
some other parts. If thc.se be mules, as I do not entertain any doubt that 
they are, the spawn of fishes must be without sex when it is deposited by the 
female ; and I am^ much disposed to entertain the same opinion respecting 
the spawn (for it is more properly spawn than eggs) of bees. 

I have frequently witnessed some somewhat analogous circumstances in the 
vegetable world, respecting the sexes of the blossoms of plants ; and I can at 
any time succeed in causing several kinds of monoecious plants to produce 
solely male or solely female blossoms. If heat be, comparatively with the 
quantity of light which the plant receives, excessive, male flowers only appear ; 
but if light be in excess, female flowers alone will be produced 4he es^ri- 
ments necessary must of course be made with skill and accuracy. 

In a former communication to the Royal Society Upon the comparative 
influence of the male and female parent upon the character of the ofibpring,” 
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I have inferred^ from fiskcts there stated, that the sex of the offspring of some 
species of animals is given by the female parent. Subsequent experience and 
observation have strengthened my belief in the truth of this inference : but 1 
believe the power of the female parent to be rather strongly influential than 
positive, and that external causes operate, which (1 have some reason to sus- 
|)ect) are not in all cases wholly beyond the reach of human controul. 


London^ 

May 20th, 1828. 


Thomas Andrew Knight. 
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XVII. On the laws of the deviathnof magnetked needles towards iron. By 
Samuel Hunter Christie, Esq. M.A. F.R.S. 8sc. 

Read June 5 , 1828. 

The deviations of a magnetized needle from its natural direction in the 
plane in which it is constrained to move, due to the action of masses of iron, 
may be referred to a very simple law, excepting in those cases where the 
length of the needle bears a very sensible ratio to the distance of the iron. The 
law is this : if we suppose that the centre of a magnetic particle in the direction 
of the terrestrial magnetic force, or the centre of a small magnetic needle 
fi^ly suspended by its centre of gravity, coincides with the centre of the 
needle whose motion is restricted ; that the iron attracts both poles of tliis par- 
ticle, or freely suspended needle ; and that the whole, or very nearly the whole 
actidh takes place on these poles ; — ^then the position of the other needle, in the 
plane in wliich it is constrained to move, will be found by referring the freely 
suspended needle to that plane, by a. plane perpendicular to the first. The 
truth of this being established by experiment, it is very clear that whatever 
may be the position of a mass of iron, the direction of the deviations of a 
horizontal or cUpping needle due to its action, will be immediately indicated, 
and a sufficiently simple calculation will ^ve the amount. Several years have 
elapsed since 1 first pointed out this law, showing at the same time,' by a series 
oi experiments, that the observed deviations are in conformity with it. I have 
since omitted no opportunity of submitting it to the test of experiment ; and 
taking it as the basis* of calculation, have always found, except indeed in cases, 
as 1 have before stated, of too great proximity of the disturbing body, that the 
results which I obtained approximated so closely to the observations, as to 
leave no doubt in my own mind of its correctness. 

However, the truth of this law has latterly been called in question ; and, in 
a paper published in the Transactions of last year, some experimento on hori- 
zontd needtes, havh^ their magnetism unequally distributed in fhe two 
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branches, arc described, which are considered^by the author as quite decisive 
of its fallacy It is not my intention to enter into an examination of what are 
there, erroneously I apprehend, considered as the effects that would result iroiq 
this law, when the equal distribution of magnetism in the two branches of a 
needle has been disturbed. Immediately after having heard that paper. read, 
I proceeded to ascertain some circumstances which appear to have been over> 
looked in these experiments, and then noted what, according to the law in 
question, ought to be the deviations of a needle having either of its branches 
deteriorated” when in different positions with respect to an iron shell. Not 
being then in possession of the experimental results in that paper, I could not 
compare my conclusions with them ; but on doing so when the Part of .tlie 
Transactions was published, I found them perfectly to accord. 

Whatever hypothesis we may adopt for the explanation of the phaenomena 
observed with a needle having its magnetism thus disturbed, or to whatever laws 
we may apply these phsenomena as tests, it is essential that we should know, 
not only to which end of the needle the disturbing cause has been applied, and 
its effect on the directive force, but likewise the effect produced on the distribu* 
tion of the magnetism throughout the needle. It is particularly necessary tliat * 
the positions of the points where the intensity of the magnetism is the greatest, 
and of that where the magnetism of epntrary names, and on opposite sides 
balance each other, and which may be termed the magnetic centre of the 
needle, should be determined. As this had not been done in the experiments 
to which I have alluded, it became necessaiy to repeat those experiment and 
to determine the positions of these points in the needles employed in t^t repp^ 
tition. with this view, I cut three needles of precisely the same form and 
weight, from the same piece of steel, and applying them over each other^ 

(lened the ends of the three at the same time. These were successive^: p)aped 
in the middle of a groove which two twelve-inch bar magnets exacjl;]^- fitted) 
and were each magnetized in precisely the same manner, by passttig the 
ends of the bar magnets, inclined always at the %3me angle, from, centre vto 
ends, the same number of times. One pf these wap left thus .magiaetil^ 
Tlie other two were successively placed on a thin board, and the implied 


• Phil. Traw. 18ie7, p. 281. 
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end of one of the twelve-inch bar magnets was passed twice, on the opposite 
side of the board, from the centre to the marked end of one needle; and 
the unmarked end of the magnet, similarly, from the centre to the unmarked 
end of the other*. 

Having determined in these needles the points of greatest intensity, which 
we may consider as the poles, and likewise the centres of their magnetism, I ] 
made obsemtions with them precisely similar to those detailed in the paper 
already cited*(*. In the first instance, I proposed to determine the several 
values of a pailicular constant, by applying the hypothesis of a centml action 
of the iron to the observations with the needle whose magnetism had been un« 
disturbed, and to employ the mean value in calculating the effects which would 
arise, according to this hypothesis, firom the * disturbance of the magnetism in 
the other needles ; but as these values, though not difiering greatly frojn each 
other; had a pretty regular increase and decrease according to the azimuth of 
the shell; I considered that the length of the needle might, in this cose, bear 
too grtof n tiroportion to the distance of the shell for the proposed law to be 
strictly appffOable, although it might give results approximating to the experi- 
ments. The ftict however, which is stated to have teen a^ertained by experi- 
ment, that the length of a needle Ims no f^nsible influence on the extent of its 
deviatibns:|:, was opposed to this view;*and I therefore compared witli each 
other the Vhlues of the Constant which would mdlt from these obseirotions, by 
applying^ tw theih ci’law considered to have been established by experiment : 

thti Of the deviation is propoi^ional to the rectangle of the cosine 

of the' f<iti^tude, 'aiid the sine of the double latitude** of the needle*s centre, 
with refci^^cO to thit o^ the shelly. 

The 'cSF'the Constant, thtis deduced, differed so widely Atom each other, 
thsflf I hbvfltd'hhVe ho m^ectatibii of obtaimng from the mean value, results tliat 
shbtdd^i^'aiiprm^ experiments; and indeed, could entertain no 


^ TliUVihDil'insrkira Simd ana umaric€d end, I employ inatead of north end and south end, or 
ihe*el!^tti tfiria the hmbiguity that might arise in some of the experiments 

f FhiL Trans. 18S7. p. f 84. . 

} Mr. Barlow> Magnsdb Attmtioiis, second Pr 

f lbid.p.39 . ^ 
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doubt of the fallacy of this law, even as appi%ximative. These dtcumstances 
led me to suspect the accuracy of the conclusion, that the length of a needle 
has no sensible influence upon its deviation ; and I considered that it would be 
desirable to ascertain whether such were or were not the fact. This in a theo- 
retical point of view is of some importance ; since such a fact would be^ in direct 
opposition to the conclusions derived from the theory advocated in the paper 
in question, and so ably and elaborately developed in M. Poisson^s Afiemoirs 
on Magnetism. M. Poisson says : A la v6rit£, M. Barlow annonce qu’ayant 
plac^ successiveincnt dans le m^me point le milieu de raiguille" de six pouces, 
et celui d'une petite aiguille d’un demi-poucc (d’un pouce et demi ?) en longueur, 
il n’a pas observ6 dc difference entre Icur deviations ; ce qui feroit penser que 
les deux corrections dont nous parlons, dont Tune a pour effet d'augmeliter la 
deviation, et Tautre, do la diininuer, se seraient k peu pr^s compensees. Mlis 
nous avons lieu de croire que cette compensation a ete tres-imparfaite ; car en 
ealculant les deviafions dc raiguille, sans avoir egard h la double corrections 
due k sa longueur et k sa force magnetique, les differences que Ton trouve entre 
le calcul ct Texperience, sont trop grandes pour fitre attrlbuees en entier aux 
eiTcurs des observations*.*' , . ‘ 

'riiesc considerations induced me to extend my experiments much beyond 
the limits which I l&ad originally proposed to myself ; and os these ^periments 
were made with great care, and 1 may fmrly state, without any consideration 
of what might or might not be in conformity with theoretical Views, they will 
afford good tests which may be applied to any theory of magnetism, as well as 
to tlie laws with which I have compared them. Previously to detailing any of 
these experiments, or to entering upon any investigations founded upon the bw 
which they so decidedly establish, I shall briefly notice the foots which I as- 
certained, and the gcneml explanation they afford, in conformity with that law, 
of the experiments which are considered by their author to be dedsive of its 
fallacy. 

In the first instance, I ascertained that if any bar of steel, uniformly i;^- 
netized by the method of double touchy have this state of its magn^ipil. 
turbed, by drawing the end of a magnet from its centre to the end of Ae same 

' ; '.'ij 

* M^moire Bur la Th^rie du Magaadnie, 87. ' 
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name as that applied to it ; tliat^^ drawing the marked end of the magnet to- 
itards, the marked end of the needle, or the unmarked end towards its un- 
marked end } then thp pole at the end to which the magnet has been applied, 
or that which has been termed the deteriorated branch** will approach the 
centre of the needle. In the other, or undeteriorated branch,** the pole will 
recede from the centre. ' ^ 

And the mastic centre will invariably recede from the centre of flgmfe 
towards the," undeteriorated end,** or that to which the disturbing magnet has 
not been applied. The changes in the positions of these points, in consequence 
of the disturbance of the magnetism, is best illustmted by the following figures, 
in which I. U. represent two bar magnets, 8.92 inches in length, 0.16 inch in 
breadth, 0.09 inch in thickness. 



■ K »' r . " - .... 

the positioiu of the poles and magnetic centres after the 
bRTS ^,bera m^etized by double touch : the north poles ; S„ the 

soi^tl^ the centres of the* bars : 0 „ their magnetic centres, 

I ' ffiif /S/,* 8.74.iW!l»es } C,0, =3 1.14 inch } = 3'97 inches ; 

> •r?t?()|iNH«s3.84ipchesi Cj,0|,ea 0.24 inch; S-86 inches. 


F!g.k represents the positions of these points when the magnetism had been 
ifi^''dmwbig')ihe'and' df a tu^lre-incfa bar magnet, as befow desoSied, 
iiie ends of L and IL ' 

^ Sf 1^) s 4!(|9 ;* ss i'ii inch';' CjN, sS 3.79 inchee ; 

CA* 1 J;4 

unccezzvin. 9v 
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Fig. 3. reprasents the positions of the samg points^ and of new poles S, N". 
and magnetic centres O', O", in consequence of a further disturbance of tfte 
magnetism, by drawing the end of the twdve-inch n^ignet twice from the 
centre to the ends of I. and 11. 

=s 4.26 in.; C;0^ 3=2.88 in.; « 0.41 in. ; C, O « 2.57 in. ; C, S' a4.S2in.; 

=3 4.24 in. ; = 2.84 in. ; =* 0-^8 in. ; C„0» s 8.81 in. \ C^N» = 4.51 in. . 

It is easily shown that such changes in the positions of these points will 
account for what are termed " the secondary deflections,** arising from disturb- 
ance in the magnetism of the needle, according to the law that the horizontal 
needle will always assume the position of the projection on the homontal 
plane of a needle freely suspended by its centre of gi*avity, that centre coinci- 
ding with the magnetic centre of the horizontal needle, and the iron attracting 
both poles of the inclined needle. 

In tlie paper to which I have referred it is stated, that when the needle is 
‘‘ placed any where in the magnetic equator of the ball, whichever end of the 
needle has its magnetism deteriorated, that end will approach the ball.** 

According to my view of the subject, the centre of the spherical shell ill,, 
in this case, coincide with the equator of a freely suspended needle whose 
centre coincides with the centre of figure, and if the magnetism be equally 
distributed, of magnetism likewise of the horizontal needle ; in which latter 
case the shell would produce no deviation in the freely suspended needle, and 
consequently none in the horizontal needle. But when either branch is 
deteriorated,** I have shown that the magnetic centre of the needle will recede 
from the centre of figure along the undeteriorated branch,** and the centre 
of the imaginaiy suspended needle coinciding \rith this centre, the centre of 
the shell will now be in the hemisphere on that side of the equator of the sus- 
pended needle in which is the deteriorated branch.** This branch then of 
the suspended needle, and consequently also, according to the law in question 
of the horizontal needle, will approach the shell. 

The explanation is equally simple in other poritions of the ne^le. Inije 
effects are stated to be these : “ Generally, in other positions, one branch 
needle will be ncai'cr to the centre of the ball than the other ; then, iif,^ n^r 
end have its magnetism deteriorated, the needle will aj^oach its natural 
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meridian ; but if the more distant end be deteriorated, the needle will be more 
deflected, or recede from the meridian.” 

It is evident that ^ if the near end have its magnetism deteriorated,” the 
needle’s magnetic centre will recede from the shell, and its deviation will nearly 
correspond to.that of another horizontal needle having its magnetism symme- 
trically distributed in the two branches, and its centre coinciding \rith the 
magnetic centre of the former; the deviation will therefojre in this case be 
diminished, or in other words, the needle will approach its natural meridian.” 
And if the more distant end be deteriorated,” it is clear that the magnetic 
centre will approach the shell, and consequently the needle will be more 
deflected, or recede from the meridian.” 

This is, I consider, quite sufficient to show the general accordance of these 
e^riments with the law to prove the fallacy of which they were brought 
forward ; and I shall in the subsequent part of this paper, show that this law 
not only indicates clearly the nature of the deviations which in such cases 
take place, but that calculations founded upon it, give close approximations 
to their numerical values. 

At the same time that I found the effects which have been described were 
invariably produced, on the positions of* the poles and magnetic centre of the 
magnetized bars and needles by the disturbance of their magnetism, I likewise 
found that the intensities of both pqles were greatly changed. With the three 
needles to which I have before referred, and which previous to the disturbance 
of their magnetism made ten vibrations in about thirty-four seconds, and after 
it, ten vibrations in about fifty-three seconds ; the intensity of the pole in the 
braufih on which the disturbing magnet had been applied, had , decreased in 
about tte ratio of five to two, and in the other of seven to four. But these 
effects ! diall mm particuhu'ly describe when I detail the observations by 
which I asceytained 

. Witb regard to the difference in ^ cadwt of the deviations of a needle six 
ine^s in, length,, pod ot cm abcnit. a tbvd of that length, when i^cessivply 
jdaced in . the smm pon^n with reqieet to the shell, I found that at. the 
^stance ineW the shelly tids chfoence amounted in some inetanoes 
tpmovetii^^^l j^ftevia^b^^ia t^c^^ imd in thie other 

sWihattmre was a senude, though i^l difference in the delations 

2o3 
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of the shorter of these heedles^ and of one dniy an inch in length ; the' latter 
deviation being in the above sitnation only 10'’ 51'.. I likewise found that even 
at the distance of twenty-four inches frodn the shell/the de^tionS of the 
longer needle were still sensibly different from those of either Of the others. 
In general, when the needles were near to north or south from the shdfs centre, 
the deviations of the longer needle exceeded those of the *8horter ; and the 
reverse took place when the needles were near to east or west from that centre. 
This is of course a very general description of the effects on the different 
needles, the precise nature of those effects will be best understood by consult- 
ing the tables containing tlie details of the observations. From this general 
description, however, we may draw a practical inference of some consequence ; 
viz., that if the deviations that would take place in a needle from the influence 
of large and distant masses of iron, be counteracted by that of a small mass 
placed near to the needle, so that it retains its direction in the magnetic me- 
ridian in a certain position of the lines joining these masses and the centre of 
the needle with respect to that meridian ; then the needle and these masses 
preserving their relative positions, if the whole revolve, the deviations caused 
by the large and distant mass will in some positions preponderate over those 
due to the smaller, and in some theacontrary effect will be produced. It is 
therefore of importance that the counteracting mass of iron should be at such 
a distance from the needle that the difference of its effects upon a long needle 
and upon a very short one would be scarcely appreciatde. 

Having given a general view of some of the insults ni^hich I obtained, I shall 
now deduce, according to the law which I have propoi^ .equations, ior the 
deviations of a horizontal needle due to tte ^tiQU of im ir<ui sphere, or shell, 
applicable to the different circumstances .of the expmments which I shall 
afterwards detail. , ' . . ' 1 ' 

t [ . • < » -• . ' .1 ’ 

Take the centre of the horizontal needle as the origin of t^i^ rectangular 
co-ordinates z to the centre of the sphere ; z being in the direction of 
tlie terrestrial force, or the axis of a fmly suspended nee^U concentric with 
the horizontal needle ; y, in that of the magnetic meridian on the plane of the 
^U^^tor of this dipping needle ; and x, iti that df the intersectibn of^i^!S|liRtbr 
with^ie horizon: ar being measured towards east, y.toi^^nrds north, and z 
downwards in the direction of the souih pole of the dipping needle. Let the 
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distance of each pole of this dipping needle from its centre be e, or its length 
2 e; m the terrestrial magnetic force acting upon each pole in the direction 
of the dipj and / the force of the sphere upon eitlier pole at the unity of 
distance^ supposing the whole mass collected in the centre. The square of 
the distance of the sphere’s centre from the south pole of tlie dipping needle 
will be 0 ? + 3 ^* +*{z — c)* ; and from its north pole x* + (* + c)*. 

So that the forces urging these poles towards the centre of the sphere will be 

**+y +(»-«)’ **+y +(*+#)'• 

The deTiation of the needle will take place in the plane passing through 
the centre of the sphere and the axis « ; and it is evident that it will be the 
same; if instead of the forces acting upon the north pole^ we suppose forces 
equal to these^ but in contrary directions^ to act upon the south pole. If tlien 
we readve these forces into others in the direction of the axis jb, and perpen- 
dicular^ to it in the plane pasiung through z and^the centre of the sphere, the 
south pole will be acted upon by a force in the direction z equal to 


?m+ j5 

+ +(* + «)•}* 

and by a force in the direction perpmdicidar to it equal to 


, 1 ’ I 


{**+y +(»-»)’} 


+ (* + 


Lc^'R be the cUstailice of the sphere’s centre fWnn that of the needle, and / 
the angle vMch this' 'distance makes with the axis z. If we substitute R* for 
a»"4- ^ s^,1i cw y for *, and R i^n y for (x* +y*)*, in these expressions, 
and ex^d Uitm whidi result, neg^cting the terms containing powers of e 

'V.' I.’I , , .-I! ' I ■ > 
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the force perpendicular to z, in the plane passing through the avig z and the 
centre of the sphere. 

If then is the angle of deviation of the needle from* the axis z, yp will also 
l)e the angle which the resultant of these forces makes with that axis : we 
shall therefore have 


Tan *4; = 


sin Y cos Y 

2 JW It* <!* 

+ 2(Scos*y — 1) + {S — 5c0B*y(6 — 7co8*7)} 


( 1 ) 


A 

If e is extremely small, we may neglect the terms containing and the 
equation then becomes 


-h3cos*7-l 

( 2 ) 

m f 38in2y 

— j — -I- 3 COS 2 7 + 1 

( 3 ) 


These equations give the position which an extremely short freely suspended 
needle would assume by the combined action of the iron sphere, and of terres- 
trial magnetism ; and according to the law which I consider obtains, the pro- 
jection of this inclined needle upon the horizontal plane will'give the position 
which the horizontal needle will assume in consequence of the same action 
The rectangular co-ordinates a?, y, % determine the position' of the iron 
sphere ; but if a; be the angle which the projection of the radius vector R upon 
the plane a? y makes with the axis y, its position will be determined by the 
polar co-ordinates R, y, Let the angle which the axis % makes with the 
vertical, or the complement of the dip, be represented by and the angle which 
the projection of the freely suspended needle upon the horizontal plane makes 


* Thie principle, that the deviationB of the horiaontal needle may be refi»red to thoae of the in- 
clined needle, I had pointed out a considerable tune previous to Bdy showing, in a paper in th6 Cattib. 

Phil. Trans, for 1820, that it is consistent with experimenud i^lts. It was adopted in the. 6rst 
edition of. Mr. Barlow’s Essay on Magnetic Attactions,** and likewise in the theoretical ,%vpstiga- 
tions in the second edition of that work. M. Poisson, in his ** Mcmoiie sur la ThSoria du Magne- 
tisme,” publislied in 1824, employs the saipe principle. 
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with the projection of the axis z upon the same plane or the magnetic meridian, 
and which, according to the principle adopted, is tlie deviation of the horizontal 
needle, be representedt>y (p : then the intersection of the axis s, of the vertical, 
and of the line of the inclined needle with the surface of a sphere described 
about the centre of the needle, will be the angular points of a spherical triangle, 
of whieh two sideli are f?, yp, their included angle and p the angle opposite 
to yp. We shall therefore have 

sin . cot ^ = sin 9 cot yp + cos a; cos n ) 


from which and the equation (3), we obtain 

sjn ij f ~ + S cos 2 y + 


Cot ^ = 


S sin 2 y sm «i» 


-|- cos cot 


(4) 


If we determine the position of the Jron sphere by polar co-ordinates relative 
to the vertical and the plane of the horizon, calling the angle which the radius 
R makes with the vertical v, and the angle which its projection on the plane 
of the horizon makes with the magnetic meridian, or the azimuth of the iron 
spherej 0 ; then v, y, jj will be the sides of a spherical triangle of which the 
angles opposite to v and y arc t « and We have therefore 
cos y = cos ^ . sin 9 . Mn V + cosn • cos v, 
sin . sin y = sin ^ . sin v, 
cot ^ sin cot y sin 9 + cos cos 9 * 

From these, patting the equation (4) in the form 


sini} 


Cot f S= 




SsinycosysuiM 


r + 


cot ysini) -f cos » cos 9 
sinea 


we obtain 


91 R’ 

JL 


-1 


Cot 0 S3 ■ ■ ■ - ■ ' — r "i" cot fit (S) 

^ S8in08mv(co8fl8ino + coti}co8v) 

If, as is most convenient for experiment, the position of the iron sphere be 
determined by its vertical distance below the horizontal plane on which the 
needle iS|^ and its toizontal distance from the centre of the needle, let r be the 
R qh/tiie horizontal plane, and h the distance of the sphere's 


^ , A 

centra below that plane: then since, sbi irss; ^||-,andco8aas 
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^ “ Srsiaf(rcos)+Ji^tl) + 

This when A = 0^ or the centre of the jsphere is in the same horizontal plane 
as that of the needle, becomes 

3 sin 2 S " 


Cot <f > : 


•cot^ 


( 6 ) 


( 7 ) 


from which the values of^ will be determined in different magnetic latitudes 
from the observed values of independent of the dip. 

We may, in a similar manner, deduce an equation for the deviations of a 
needle in which the magnetism has been disturbed by applying to one of its 
poles the corresponding pole of a magnet ; and thence determine the deviations 
of a needle having its magnetism symmetrically distributed in its two branches 
from the observed deviations of a needle in which such distribution has been 
disturbed. I have already stated that under these circumstances the intensities 
of both poles were changed, and it will be seen by the experiments detailed in 
a subsequent part of this paper, that their distances from the new m^etip 
(centre were not the same, the more energetic pole being the nearer ; and I will 
assume that the same is the case with the needle freely suspended frem a point 
which, as before, is its centre of gravity and of magnetism. Let the quantities 
wliich before were indicated by m,fj e be indicated by m',/', c' for the north 
or upper pole of the suspended needle, and by e, for its south or lower 
pole. We will also suppose that the south pole, or that which is usually 
marked, is that to which the corresponding pole of a magnet has beeii applied, 
or that the deteriorated branch** is ^e northern •, and that is the distance 
of the sphere*s centre from the magnetic centre of this needle, 7, the angle w^ich 
makes with the axis z passing through. this centre, and the aqgle which 
the freely suspended needle makes with the same axis, or its deviation due to 
the action of the iron sphere. The equation corresponding to (2) will now 
become 

^ (w' + tfitej) . R; + cosy^ rr (,/SlffiWiefl 

* • . ^ t" ^ 
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of the products of the intensity of each pole by its distance from the magnetic 
centre are so nearly the samc> that, as an approximation, we may ^ume them 
equal ; and supposing the same distribution in the inclined neeeiUe, we have 

Consequently, Tan 4, = — (8) 

— -^•“7-*- + SC08"y, 1 

. • • + 


If then 6^ is the azimuth of the iron sphere's centre from the magnetic centre 
of the deteriorated horizontal needle ; the deviation of this needle from the 

magnetic meridian ; and the projection of upon the horizontal plane ; we 
S € 

have, putting p for 


Cot^^ = 


8 r, na t, (r, co» (, + i cot i) "^ *^*** **' 


( 9 ) 


Let h be the distance of the magnetic centre of the deteriorated needle from 
its centre of figure, which distance, as mil be seep fW)m the experiments, is to 
be measured towards the south when the northern branch of the needle is that 
“deteriorated;” then 

. •f; = f^ + ft^ + 2r^cos(d-^>,); R;s=R' + A^ + 2rjfeco8(tf-^,); 
r, sin =s r sin ^ ^ sin ; r^co%6,s:rcoB^ + k cos 

Substituting these values in the equation (9), and limiting the approximation 

jh 

to the first power of — , we have, 


where Q s sin ^ . (r cos ^ ^ cot s), and S = r sin (H ^ cot s sin p,. 



obtain 


i!'j. 1 . 


«r 

.-i fi. 

-?^+“‘*-8?5 (10), 

Etta tbk equation the nhM of ^ w Oe deviedons of a needU 
MDCCcxxvoi. ax 
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magnetism similai'ly dikiribnted in its two braneheS) may be computed from 
the observed values iiS Or the observed deviations of a needle havwg its 
magnetism dissimillfirly distributed. , . u 

The equation (10) admits of considerable simplification when the. centre of 
the shell is in'the same horizontal plane as that of the needle. < In this case 
A 0 ; r becomes R; Q ss R sin ^cos S » R sin ; And cooseqUently, 


cot 

3 8in^CO»4 




«COl(i - ft) - » 8 Mt2#.»ill(l - Pj, 


Sco82d+l 2{cog2t+S) . ft A 
CotC= ^ ~ Sittn*gg *^^”^"*^*^ 300821+1 ' /iix 

[ 1 + |s cos (^-^,) + 2 cot 2 J . sin (t - V/)| ^ 

If p and p^ have both been determined from observation^ the value of p may 
be determined from this equation^ 

Scos2«+l 2(cos2a+S) . . A 

cot 0| ft ^ . SUl — Oi) . fr 

‘ Siin2 g 3siii*2t ■ ^ ^ 

^ [l+^8cos(«-ft)+8cot3«.Mn(«-ft)^.-|^] 


The equations (10), (11), (12) have been obtained on the supposition that the 
disturbing magnet has been applied to the northern branch of the needle^or 
that the northern branch is “deteriorated,** in which case the magnetic centre 
will be found between the centre of iigw and the southern extremity ; .but if 
the disturbing magnet is apjdied ,to the southern branch, or it is this branch 
which is deteriorated,** the magnetic centre will be. found between the centre 
of figure and the northern extremity; and therefpfe in applying Uipse equations 
to the latter case, k must be cmisidered negative^ ^ ^ / 

Having deduced equations by which , the deyiatipn!l of .a htnizonfol 
clue to the action of an iron sphere or shell, mayi^con^Utadi^^^ 
distribution of . tnagnetism lis similar, It is ^j^bjulw 

branches of the needle, I shall now proceed td the dc^l 
to tfahlr comparison with these theQlretical4^1^•^i•<..^ ;1 ni . 

. I havealready stated that drcnmstaacee led ^me fo^atiipf^t^jha acquit 
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the ebfieiratioos from which the conclusion hBd:hee%-4l^^*^ thet^^i^inass of spfr 
iron will cause the same deTiation in a magnetized n^sedtte of spi ^ybeih, 
one of an inch and a half in length ; or in other wonb»tthat».withm .i^ese Unoil^s, 
the denations^are independent of the needle's lengtlst,and the first' observationB 
which I made/ilot only confirmed my suspicions, but placed the matter beyond 
doubt: The opipbratus which 1 made use of is nearly the. same as that which 
1 employed for the experiments by which 1 first showed, that the deviations of 
a horizontal needle due to the action of a mass of iron ore in conformity with 
the law in question. In those experiments I employed a shell 12.78 inches in 
diameter : the diameter of that used in the experiments I am about to describe 
is 177 inches. I was indebted for the use of this shell to 8ir William Con- 
greve, who allowed me to select it from a few of that diameter in the Reposi- 
toiy at Woolwich. This shell can be lowered or raised by means of pulleys, 
and passes through a circular hole in a horizontal table. On this table I had 
described two circles concentric with the shell/' when its centre was in the 
plane of the table, one 9.5 inches radius, the other 28 inches ; and these cirolcs 
I had divided very carefully to thirds of a degree : so that, a very fine wire 
being stretched from a division in the one to the corresponding division in the 
other, the compass can be adjusted with considerable accuracy to any azimuth 
from the sheU’s centre, by means of, indexes outside the box, corresponding to 
0 and 180 oil the divided ring. This ringis divided to 20^ and as I bod made 
the needlez fit it very accurately, and had' terminated them by very sharp 
points; I'consider that I could read the deviarions pretty accurately to 2^ by 
means of a lens; find as id all cases, Uhc m^liigs at both ^ends of the. needle 
were registered and a mean* taken, tbPerrom of centering .were avoided, and 
the Wliole 'ainodnt of terror dimidlshed; ^ When the shril had been lowered so 
tliat'fts'ybrtfrb(l plane of tbe table was (that at 

1 veiy CHuefaHy 

of plummets suspended fiom ii^'fine^'wfm crossing over it, 

{Mkssed throp^ ^he'ceuthrof 'the.conoentrio gradnhted 

' 'V 

ondtadeiw^ 
had marked A 

k fi.0l ind^ 

burnt in 

• 2x2 
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length, and 0.19 inch in breadth ; the forms of D and P being nearly similar to 
that of A. The weight of A is 77*^ grains; of D 7*0 grains; and of P 7*75 grmns. 

To the needles D and P were attached slips of mica, of the same length as A, 
having fine lines drawn on them, and with which the axes of the needles were 
made to coincide ; so that I could observe the corresponding deviations of the 
tln*ee needles by placing them successively on the pivot of the same doibpass- 
box, which therefore remained in the same position for each, after it had been 
so adjusted that the centre of the shell had the required azimuth with respect 
to that of the needle. With these needles, observations were made in three 
different positions of the shell ; viz. when its centre was ten inches above the 
horizontal plane passing through the needle’s centre; when its centre coin- 
cided with ; and when ten inches below that plane. When the shell was above 
or below that plane, the horizontal distance of the needle’s centre from the 
vertical passing through that of the shell was 13.5 inches ; so that placing the 
needle in different azimuths on the horizontal table, had the same effect as 
making the shell describe a parallel to the horizon in a sphere 16.8 inches 
mdius described about the needle. Wlien the centre of the shell was in the 
horizontal plane passing through the needle’s centre, the distance between these 
centres was 1G.8 inches. In all these cases the deviations of the three needles 
were observed at every 20® of azimuth round the circle. These distances were 
adopted as they are those selected in the experiments described in the paper, 

On the secondary deflections produced in a magnetized needle by an iron 
shell, &c.” in the Transactions of last year ; and I had consequently computed ! 
the values of the angles y, nf, in the equations (3), (4), according to such adjust- 
ments. Whatever errors might be made in the adjustment of the compass,-— • , 
and I have no hesitation in saying that these were always of small amount, — ^the j 

relative deviations of the three needles for each azimuth were independent of 
these errors, since the compass-box remained in the same position for the cor- 
responding observations with each needle. 

Tlie following Tables contain the deviations of the.north end of the needle, 
deduced from the readings at both ends, in three, different sets, of 
ments ; in each of which all the adjustments, of the height of the .sb^iits 
centering, the azimuth and distance of the compass, were made filireiiLl 'The 

mean of the deviations corresponding to each azimuth of th te ghpl Ptrf^te*i^t 

is taken, and likewise of those cori'cspohdihg to eai£ ammutET to the east ; 
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and again the mean of these mean deviations in opposite dii'ections for each 
azimuth. In these, + indicates that the deviation of the north end of the 
needle is of the same name as the azimuth of the shell, or that it is towards 
the shell ; and — , that it is of a contrary name, or from the shell. 


The centre of the Shell 10 inches below the horizontal plane passing through the Needle's ccntrei 
and its distance from that centre 1G.8 inchcM. 

















Azimuth of the 
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The centre of the Shell in the horizontal plane passing throogh the Needle's centre, and its 
distance from that centre 16.8 faiehes. 




||j 
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I did Dot ooudik^ it Decenary to make correspon^ng obeervatione to these 
atan ineteaaed dstUM between the centres of the shdl and needle at every 
flOf ni aidmntht I however made the Mowing observations in those posi- 
. tkni when the dfflmneea ih tin de^<ms of the needles an tiie greatest, 
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when that distance was increased to twenty-four inches. The results show 
tliat at tliis distance the differences^ though small, are still appi*eciable. 


i 

“1 

II 

*1 

'®i 

>5 

Azimnth of the Shell’s 
centre fiom North. 

The centre o 

14.29 inches below the 
horizontal plane passing 
through the centre of the 
Needle. 

f the Shell 24 inches from tl 

14.29 inches above the 
horizontal plane passing 
through the centre of the 
Needle. 

lat of the Needle, and 

In the horizontal pli^ne passing 
through thb centre of the'Needle. 

Axil 

Weot. 

nuth 

East. 


HKS 

■QqH 

WM 


Aximvth of 
Shcll'a 

Ash 

West. 

nuth ^ 
East. 

Mean 

Deviation. 

Deviation. 

Delation. 

Deviation. 





A. 

o 

2U 

60 

m 

10 45W 
8 10 

2 65 

10 SOE 
8 13 
'2 42 

•f 10 47* 
8 111 
2 48} 

2 47E 
8 22 

11 07 

2 39W 
% 04 

11 02 

- 2 43 

8 13 
11 04* 

40 

140 

1 

S S5E 

4 OOW 

+§ sij 

-3 S8j 

D. 


10 S9 

8 10 

2 40 

10 52 

8 18 

2 25 

10 40i 
8 14 

2 32* 

2 34 

8 29 

10 69 

2 22 

7 67 

10 46 

2 28 

8 13 
10 52* 



40 

140 

3 33W 
3 44E 

3 S7E 

3 40W 

+3 45 
-.3 42 

1 

1 

B 

10 10 

7 52 

2 38 

11 09 

8 35 

2 27 

10 39* 
8 131 
2 32* 

2 38 

8 49 

11 18 

2 15 

7 41 

10 27 

8 IS 
10 Mji 

40 

140 

Wm 

4 18E 

3 21W 

+ 3 43* 
-8 4Sl 


The differences in the deviations of the three needles in the foregoing 
tables may perhaps partly be attributed to the difference of their masses ; and 
this probably produced some slight effect, especially at the nearer distance. 
This effect, arising from the shell becoming magnetic by the influence of the 
needle itself, would be in all cases to make the nearer end of the needle deviate 
towards the shell ; and consequently in the position where the difference in 
the deviations of the long and short needles was observed to be greatest, it 
would be contrary to that observed, and must therefore have diminished the 
difference according to the extent to which the cause operated. These obser- 
vations therefore show beyond doubt, that the length of a needle has a very 
sensible influence on the extent of its deviations. Although 1 did not considec 
that the difference in the masses of the needles had much effect in diminishing 
the difference of their deviations in some cases, or in increasing it in otters, 
yet in order to decide what part of the difference was due to mass, ai^Vhat 
to length, it was my intention, could’ 1 have found leisure, to hasfji made 
observations corresponding to (hc foregoing with tfae . n^^^j^. P9d P, and 
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two othei‘8 six inches in length, one extremely light and the other much heavier 
than A. 

In order to compare the theoretical results which we have obtained, that is the 
equations (3) and (6), with the observed deviations of the tliree needles, I take 
a mean of the deviations with the shell below the liorizontal plane of the needle, 
and with it above,* when the azimuth of its centre from south in the second 
case was the same as its azimuth from north in the first, as the values of ^ corre- 
spondin|^to the different azimuths with the shclfs centre below the horizontal 
plane of the needle : and likewise with the shell's centre in the horizontal 
plane of the needle, I take a mean of the deviations in the corresponding 
azimuths from north and south as the values of ^ in this case. From the 
values of h, r, 6 are derived those of y and «, and thence, from the values 
of may be computed the corresponding values of -J/ or the deviations of ;i 
freely suspended needle; and the value of tlie constant will be determined 


from the equation. 




8 sin 2 y 


■f 3cos2y + 1 


or we have 

Je R*' siii^ 

from the equation (6), without the previous computation of y, a>, 


The 


values of y and » corresponding to the different adjustments of the shell, the 
values of yj/ and of the constant computed from the means of the observed 
values of with the different needles, arc contained in the following Table. 


The vertical diatanoe of the centre of the Shell from that of the needle or A s 10 inchea, r ss 13.6 inches, 

and R as 16.8 inches. 

es 

Deviatloiii/j%^ 

•iu. 4?,^ 

with „ 

st 00 00 

35 09 21 

08 80 34 
liO 88 50 

9 46 35 
9 44 15 
11 09 37 

9 53 86 

12.307 
{ 14i047; 
14140 

4$ 00 00 
89 39 80 
54 01 48 
20 14 35 

18 51 05 

19 46 50 

1' i4iw.> 

^ 14.201 

60 00 00 
45.50 00 
75 57 51 
28 01 85 
26 28 55 
26 22 40 
12 06 19 
11 15 00 

80 00 00 
62 37 23 
95 18 54 
32 82 05 
31 86 30 
81 32 40 
11 48 59 
11 21 01 
Ijl 19 27 
18.725 
14J09 
144(42 

1 ' M f i . i . 

100 00 00 
59 13 45 
112 55 83 
32 12 45 
32 56 50 
88 58 45 
10 35 54 
10 49 44 
10 50 40 
14.525 
1U18 
14.198 

12% 00 00 
65 02 40 
129 51 52 
27 55 05 
29 29 45 
29 32 25 
9 28 04 
9 54 08 
,9 54 52 
14.694 
14.079 
14.063 

140 00 00 
69 35 11 
146 33 20 
21 48 10 
21 26 35 
21 27 00 
8 57 59 
8 53 14 
8 53 21. 
13.701 
13.818 
13.810 

160 00 00 
72 28 41 
163 14 58 
13 06 10 
10 51 56 
10 43 40 
9 05 19 
8 06 22 
S .02 27 
12.225 
1&051 
13.650 

Moan 

values 

of 

8m R' 
J’e' 

13.356 

14.025 

14.068 


* I take 9 s 20^, the moit leoent obiemtion giving the dip at thia place ZO** 00'. 
MDCCCXXVIII. 2 Y 
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The centre of the Shell in the same horizontal plane np that of the Needle 
or A = 0, and R = 16.68 inches. 

6s 

20 00 0040 00 OWeS 00 0080 00 00 
71 15 1074 48 4080 09 12 86 35 48 

Mean 

WSS 

21 10 22 

41 45 4861 31 08 80 35 31 

valuea 

fA=: 

7 22 10 

11 65 5510 43 45 

4 06 3fl 

of 

Deyiations with< D rs 

6 16 36 

10 28 5010 21 10 

4 29 15 


Ip» 

6 IS 26 

10 24 2510 *18 55 

4 31 05 


rA= 

Values of ^ with< D ss 

10 07 10 
, 8 05 06 

7 '66. 98 4 39 57 
6 43 38 4 28 66 

1 26 12 
1 34 40 

LP = 

Value, of = 

7 67 61 
1I.61S 

6 40 04 4 27 49 
12.460 14.212 

1 35 19 
16.163 

13.612 

14.235 

14.460 14.722 

14.893 

14.575 

Jo Ip = 

14.433 

14.565 14.775 

14.804 

14.644 


2 

From these values of with the different needles^ it is evident that if the 

mean value with the needle A were substituted in the equation (6)^ the computed 
values of (p would not differ greatly from the observed values ; but that with 
the needles D and the approximation would be so closc^ that the differences 
would clearly be within the limits of errors of observation. Tliere can therefore 
be no doubt that the law which I proposed will give an extremely close approxi- 
mation to experimental results^ when the length of the needle does not bear 
too sensible a proportion to its distance from the centre of the attracting mass 
of iron ; and that even if this ratio is not less than 1 to 3^ the theoretical and 
experimental results will* not differ greatly from each other. 

1 will now, for the purpose of comparison, deduce from these experiments 
the values of the constant depending upon the law, that ^^the tangent of the 
deviation is proportional to the rectangle of the cosine of the longitude, and 
the sine of the double latitude.” If X is the latitude of the needle’s centre from 


a great circle of the shell perpendicular to the dip ; and / its longitude measured 
from the intersection of this circle with the horizohtal plane through, the shell’s 
centre ; I the dip of the needle ; and M a constant, — ^then the law is 


Tan p =: 


sinSXcosZ^ 

• 


in which equation X, /, i are the complements of y, n in the foregoing equa- 

’ ' * i ’ o 

tions. 


The values of M determined by means of this equation frqin the mean of the 
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observed values of ^ in the different azimuths^ With the three neediest are con- 
tained in the Tables below. 


The vertieal distance of the centre of the Shell from that of the Needle or 


A = 10 inches, r = 1S.5 inehes, and R = 16.8 inches. 


^ k 

• 

6s 


40° 


m 

100° 

IBIB 

140° 

160° 

( 

‘A= 

S1.137 

18.916 


13.211 

11.273 

9.721 

7.9.14 

6.2.16 

Value! ofM with^ 

Ds 

22.877 



13.694 

10.966 

9.105 

■JlHI 

7.566 

9 1 


22.970 

mSm 

fSm 

13.728 

10.945 



7.662 


The centre of the Shell in the same horizontal plane as 


that of the Needle or A = 0, and R = 16.8 inches. 


6s 

20° 

40° 

60° 80° 

fAs 

14.910 

13.981 

13.712 14.344 

pBTo CW 

17.633 

15.971 

14.222 13.074 

1 . LP= 

17.731 

16.086 

14.275 12.986 


Here it appears that the values of M derived from these experiments^ instead 
of being constant or nearly so^ as they ought to be, vary from 6 t(» 21 with 
the loag needle, and with the short ones from 8 to 23. The results are most 
consistent when the centres of the shell and needle are in the same horizontal 
plane ; and within certain limits of the values of f, I being likewise con- 
stant throughout a set of observations, results that should not differ so 
very widely as the foregoing might be obtained: it is somewhat singular 
that the truth of the law should have been considered to be established ex- 
perimentally from observations made in precisely these relative positions of 
the shell and needle*. When the centre of the shell and needle are in tiie 
same horizontal plane, the values of M deduced from the observations with 
the long needle A, agree much more nearly with each other than those dcduceci 
from the observations ^th either of the shorter neecUes D or P; and when 
they are'itbt !n the plane, the disagreement in the values of M is nearly 
the same with each of the needles : we may therefore infer, that the proximity 
of the needle to the shdl is not the cause of this disagreement, and that the 
same would be found to be the case if the values of M were deduced from 
dflj^doiiis of the need^ observed at greater distances from the shell's centre. 


teiiibir'i Migtastie AttMioDi, Sad ed. pp. S4, 57, 88. 
2x2 
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We iTUKSt therefore conclude, that although the law that the tangent of the 
deviation is proportional to the rectangle of the cosine of the longitude and the 
sine of the double latitude” has been derived from expefiment, and considered 
as giving close approximations to experimental results*; yet as it is quite clear 
that no law giving such inconsistent results as appear hcre^ can be considered 
as even approximately true, it must be wholly rejected. 

On the principle which 1 have assumed, I have already given the general 
explanation of the phenomena observed with needles having their magnetism 
unequally distributed ; I shall now describe the experiments which I made 
with such needles, with the view of comparing them with the equations that 1 
sliould derive from this principle, according to the distribution of magnetism 
which I found to take place under different circumstances of disturbance, which 
equations, (10) and (11), have been already given. In the beginning of this 
paper 1 have described the needles made use. of in these experiments, and the 
manner of magnetizing them. These needles are distinguished by the letters 
A, B, C ; A being that made use of in the experiments already described, and 
B and C of piccisely the same form and weight as A. 

In order to determine nearly the situations of the magnetic centre, and of the 
points towards which the forces are directed near the ends, in these needles, 
which points may be considered as their poles nearly, I successively placed 
them on a wooden rectangular scale, so that their axes coincided with a line 
drawn through the middle parallel to its sides. This scale, which is graduated 

* Mr. Baulow's Magnfitic Attractions, 2nd ed. pp. S8, 59. 

f If we take a mean of tlic deviations with the undeteriorated needle in the observations given in 
the Transactions of Ihst year, p. 285, in the corresponding azimuths with the shell above md below 
the tahle, tlie values of M will he these : 

9 20® 40° 60° 80° 100° 120° 140° 1£0° 

Ms 17.65 14.51 12.5S 10.81 10.22 8.51 ^61 

The observation corresponding to 9 = 20°, which would have given by much the greatest value of M, 
iloes not appear to have been made. These values are not quite so discordant as those residting 
from my observations, but are equally conclusive against the la#) lh>m which they are derived. 'The 
moans of the deviations when the shell was in the same horizontal plane as the needle, give.t)ia Ipl" 
lowing values of M. 

9 bs20® 40° 60° 80P 

M » 14.40 15.55 12.91 12.6% 

which are rather more discordant than the corresponding valuef 0^ ,n)y 
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across to tenths of an inch^ and can be made to revolve about a vertical axis, 
being placed horizontally so that the axis of the needle was at right angles to 
the ineridic'in^ a rectafigular stands carrying the small needle P level with tlie 
other, was passed along and in contact with the northern side of the scale, 
until the axis of P pointed accurately in the meridian. This occurreil in two 
positions ; in tlie'one, the force of the needle under trial concurring witli tlie 
terrestrial directive force; and in the other, being in direct opposition to it. Tlie 
distances, from the centre of the needle, of the points to which the centre of 
P was in these cases opposite were noted ; and the same was done when P was 
passed to the south of the rectangular scale : the mean of the respective distances 
gave the distances, from tlie centre, of the points towards which the forces are. 
directed, or nearly those of the poles. The position of the magnetic centre was 
determined similarly, by placing the rectangular scale, can-ying the needle 
under trial, so that the axis of this needle was in the magnetic meridian with 
the marked end towards north, and passing P afong the eastern side until its 
axis was in the meridian with its marked end south, and then along the western 
side. ^ In all cases the distance between the axis of the needle and the centre 
of P was 1.5 inch. 

The positions of these points in each needle, so ascertained after it had 
been carefully magnetized by double touch, as I have before described, and 
the times of the needle’s vibration, were as follow. 


Needle. 

Distances from the Needle's centre. 

Time of making 
10 vlbmtioni. 

Of the eouth or 
marked pole. 

Of themsgnetic 
centre or swo. 

Of the north or 
unmarked pole. 


tnrbta 

inctaM. 

ItehN. 

■ce.' 

A. 

S.43 

0.00 

2.42 

34.1 

B. 

S.39 

0.04 U. 

2.42 

32.75 

c* 

2.35 

0.07 U. 

2.47 

32.7 


After making these observations, the magnetism of the needle A was undis- 
turbed; that of B was disturbed by drawing the unmarked end of a 12-inch bar 
ndaguet from the Centre to the unmhrked end of Che needle twice, a thin board 
bdng interpo§ied ; that is, the needle B bad its southern branch deterio- 
rated and the needle € had Itg northern branch deterioiated,” by similarly 
dwMiriTig the^inaiked tlttt'tinigdtt twice from the centre to the marked 
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end. The situations of the poles and magnetic centre were ascertained^ as 
before^ immediately after making the first set of observations^ shortly to be 
(J escribed, on the deviations of these need^, when the shell was above the 
table on which they were placed ; likewise pi^iously to commencing the second 
set, when the shell was below the table ; And also after the observations with 
the shell's centre in the plane of the table were concluded. The time in which 
each needle made ten vibrations was likewise observed. The following are the 
results. 



Distances from the Needle’s centre. 



■■■ 




Oftlie north or 

Tiine of making 

10 Tibradoni. 

Date. 





unmarkid pole. 


■■■ 


InchM. 

Inchoi. 

InebM. 

M». 




ri.4i 

1.06 U. - 

2.80 

51.8 

28 Nov. 

6 P.M. 

c. 

{ 1.43 

1.06 

2.80 

50.1 

3 Dec. 

1 P.M. 


Li*49 

1.04 

2.80 

50.65 

5 Dec. 

3 P.M. 

Means 

1.44 

1.05 

2.80 

50.85 




r2.40 

0.05 U. 

2.44 

35.1 

28 Nov. 

6 P.M. 

A. 

i 2.41 * 

0.03 

2.43 

34.35 

3 Dec. 

1 P.M. 


L2.42 


2.43 

35.3 

5 Dec. 

8 P.M. 

Means 

2.41 

0.035 

2.433 

34.92 


« 

t 


r2.74 

0.71 M. 

2.23 

52.85 

28 Nov. 

6 P.M. 

B. 

2.73 

0.70 

2.26 

51.4 

3 Dec. 

1 P.M. 


L*.72 

0.62 

2.33 

51.8 

6 Dec. 

11 A.M. 

Means 

2.73 

0.677 

2.273 

52.02 




In these the letter M placed after the distance of zero from the needle’s 
centre, indicates that the distance was measured towards the marked end of 
the needle ; and the letter U, that it was measured towards the unmarked end. 
The distances of the poles and magnetic centres, as determined on different 
days, show that only a small change took place in the situations of these points 
in the needles during the time of making the observations on their deviations*. 

To determine the intensity of the free magnetism on each ride of the centres 

* With the view of ascertaining what degree of permanency, this disturW state of the magnetism 
111 a needle may have, I made observations similar to these, at coipiderable intervals of time, with ^ 
twu D-inch bar magnets ^vhich I have already mentioned. The bars had been carefiiUy and sttongly 
magnetized by double touch on the £th of November, when the positions of the poles and i^ri^etic 
centres appeared to be as in the first observations to each magnet, on that day, in the feUow^ Table. 
The magnetism of the bars was then ^storbed by passing the unuarked end of a 12-i^ magn^ from 
the centre bf I, to its unmarked end, and the marked end of the same magnet 6om ^e centre to the 
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of force, and likewise the position of the points in tliesc needles where the 
intensities of contrary names were equal, I adopted the method of Coulomb. 
For this purpose a small needl||AU inch in length, 0.15 inch in breadth, of 
a form somewliat similar to nnd weighing 1.25 grain, which for 

distinction I hame 1, was suspended by a single fibre of the silk-wonn within 
a glass 'cylinder attached to a high rectangular support of wood, in which is 

marked end of II : after this, the second obsenrations on the 5t1i of November wore made. In tlie 
interval between these observations and the subsequent ones, care was taken that these bars were 
quite out of the reach of accidental disturbance in their magnetism. 




Distances from the Bar's centre. 



Magnet 

Of Uie south or 
mMfkod pule. 

Of the magnetic 
centre or aero. 

Of the north or 
unmarked pole. 



’Magnetism 

undisturbed 

iiithei. 

} .3.7* 

luhM. 

0.48 U. 

inchM. 

3.80 

5 Nov. 1827 

li 

Magnetism 

I 4.06 

1.49 M. 

0.73 

5 Nov. 

disturbed at 

1 4.10 

1.31 • 

2.84 


\ 

unmarked 

f 4.12 

1.32 

2.86 

23 April, 1828 

14 May 

1 

. end 

J 4.12 

1.32 

2.86 


’Magnetism 

undisturbed 

} 3.73 

0.01 

3.76 

5 Nov. 1827 

IL. 

Magnetism 

1 2.64 

1.52 

4.05 

5 Nov. 

disturbed 

1 2.67 

1.47 

4.07 

12 Dec. 


at marked 

f 2.75 

1.45 

4.05 

23 April, 1828 

14 May 


, end 

J 2.82 

1.87 

4.05 


It appears that some, though an inconsiderable change took place in the distribution of the mag- 
netism of the bar I, from the 5th of November to the Uth of December, but that it has remained 
almost precisely in the same state from the ISth of December to the 14th of May ; and it will pro- 
bably continue in this state so long as it meets with no extraneous disturbance. In the latter interval 
the observations indicate some change in the magnetism at the marked end of II ; but even here it is 
not to a great extent. In neither of these bars are there any indications of other poles than those 
whose situations I observed. I am not aware of any experiments having been made to ascertain 
whether in magnetised steel bars the actioB of the magnetic particles upon each other has a tendehc/ 
to restore a symmetrical arrtngement of their magnetism when such arrangement has been disturb^ ; 
but the results 1 have obtained riiow that if such tendency exist for a riiort rime after this disturbance, 
it soon, at l^t in some esaes, either ceases to exist, ot Is so feeble as not to overoome, or to overcome 
very dowly, the coercive force of the steek In the barl which 1 employed, this coercive fbree could 
not b^ Rieat, if ttpon^hsriSiiess, suux they are softer than requisite ftir working with a fUe. 

We however, t^ Im in'nbsjfcsiiaii of nusre extended obsertrarions before we drew any goieral 
cbnandoiii'i&Wfi^^^ . I . - 
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an opening from top to bottom parallel to its sides, of the same size as the 
stems of two clamping screws fixed to the rectangular scale, before mentioned, 
to wiiich the needle under trial was attai^|||^ This reotangular support was 
n ndered vertical by means of foot-screwHKa level attached to it ; so that 
when the scale was applied to it, the axis of the needle to be examined was 
likewise vertical ; and the instrument was adjusted so that thc^ixis of this needle 
and the centre of the needle I, were in the magnetic meridian. In the same 
liorizontal plane aa the centre of I, wna an index, which marked on the scale 
the point of the needle on it horizontally opposite to tlmt centre. As the stems 
of the clamping screws fitted the opening in the support, the scale and the 
axis of the large needle could be moved vertically, so that any required point 
of this needle should be opposite to the centre of I : when the scale had been 
so adjusted, it was clamped to the support. The needle 1 was then vibrated 
from 0, and the time of making 100 vibrations being carefully noted, the 
force accelerating 1 was known^ The terrestrial force accelerating 1 having 
been determined previously to applying the larger needle, the intensity of the 
force by which this needle accQlerated I, and consequently nearly the inten- 


From the Necdlo’s centre of figure towards ita a)arkcd end. 


I"l 

Diitanceoftbcpointop- ) 
pohito to tho needio 1 5 

2.09 in. 

2.8010. 

2.60 in. 

2.40 in. 

2.20 in. 

. 2.00 in. 

1.80 in. 

1.60ia 

1.40 ia 

IJOia 

I.00in. 

ill 

Time in which Uic ncc- ) 
die I made 100 vib"'.) 

70,4* 

67.8' 

65 j>* 

63.8* 

61.95* 


59.7* 

68.9* 

58.1* 

67.9* 

57.7* 

Va a 

Intcn^tjr of force wee* ) 
Icrating I ) 

+2.9938 

+3.3273 

+8.4579 

+3J447 

+3.8656 

+4.0800 

+4.1624 

+4.2713 

+4.3918 

+44268 

+445«) 

IntenHity of magnctisin | 

+1.9938 

+2.2273 

+2.4579 

+16447 

+3.8656 

+1U8U{) 

+11624 

+19763 

-f33948 

+14258 

+34561 

Hi 

|l 0^ 

Distance ofthc point op- ) 

poiite to Uie needle 1 ) 

2.99 in. 

2.80 in. 

2.60 in. 


2.20 in. 

KM) in. 

1.80 ia 





Time in which tho nco> ) 

die I made 100 vib"'. ) 

43.35* 

40.8* 

39.8* 

3915' 

1915* 

39.45* 

40.1* 





fill 

Intensity of force acce> ) 

1 kratingl { 

+7.8785 

+8.8586 

+918040 

+8A6G6 

+16666 

+14699 

+9.1656, 





/a 

Intcniity of magnetivre | 

+6.8785 

+7.8535 

+8M 

+81660, 

+16666 

+Hi696 

+11656 





having had 
nn disturb- 
nmarked or 

biatanceof the point op- ) 
j polite to the needle I ) 

a99in. 

9.80 in. 

2.72 iiw 

160 ip^ 

^JJiOin. 

• 140in. 




. CJOlia 

dunlin* 

I Time in wliich tlio nco> ) 
i die I made 100 vib”'.) 

65.3' 

63.8* 

63.4* 

. 631* 

63.3* 

..68A* 


) 


,•1121* 

‘..MW 


j Intrnwty of force acce*) 

1 lerating I { 

+4.8690 

+6.1338 

+6.2] 10 

+6X50B 

+61506, 

+11916 




+U8QII 

+.Mon 


1 [nteniity of magnetism ) ' 
in B 3 

+3.8590 

1 

+4.1338 

+4iU0 

+415QS> 

+12606. 

+U916 




» 
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sity of the magnetism in its different points, became kncsFn. The needle I was * 
rendered extremely hard, and was strongly magnetized, in order tliat its mag- 
netism should not be disturbed by that of the large needle. The distance 
between the centre of 1 and the axir of the large needle was in all cases 1.68 
inch, so that in some positions the vibrations of 1, with its own inertia alone 
to overconth, would* have been too rapid for observation ; and to obviate this, 
it had attached to it, in all the observations, a thin disc of mica. The needle 1 
was vibrated to the north of the large needle, whose marked or south {)ole was 
always downwards. The time of vibration of 1, corresponding to eocli point of 
the large needle was determined by two trials, and as these never differed by 
more than a fifth of a second, the time may be considered to have been deter- 
mined at least within this limit. The following Table shows the times of 
vibration of I, when not affected by the needles A, B, C, and when points at 
difierent distances from the centres of these needles were horizontally opposite 
to the centre of I ; also the intensity of the magnetism in these points, deduced 
from those times of vibration ; -|- indicating south polarity, or that predomi- 
nating in the marked end of the needle, and - indicating north polarity. 


From the Needle'i centre of figure towards its unmarked end. 
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From these results k aj^rs, that the points pretuously determined as the 
centres of force are not, in the needles C and D, precisely those in which the in- 
tensities arc the greatest, but that the situations of the, magnetic centres deter- 
mined by the two methods very nearly agree ; the distance of this centre from 
that of figure being, for the needle C, 1.105 inch towards the unmarked 
end, and for the needle B, 0.6214 towards its marked end. As In^ht have 
l)een anticipated, the intensities of the poles were changed, as well as their 
situations, by the disturbance of the magnetism in either branch ; and this 
not only in the branch to which the disturbing magnet had been applied, but 
also in the other. In the branch to which the magnet had been applied, the 
intensity was reduced in about the ratio of 83 to 31 in the needle B, and of 
83 to 35 in the needle € ; and in the other branch, in the ratio of 83 to 43 in B, 
and of 83 to 52 in G. In both cases the least intense pole was much more 
diffused than the other ; the intensity in the branch to which the magnet had 
been applied changing but little over a space of nearly two inches. It appears 
likewise, that at the points previously determined as the centres of force in 
the two branches of each needle, the intensity multiplied by the distance from 
the magnetic centre is nearly the same on each side of tliat centre ;>thdm 
products on the contrary sides being 8.9 and 9.3 with the' needle fi, and with 
C, 8.7 and 8.8. 

The observations on the deviations of tlie three needles, A, B, C, with their 
magnetism thus distributed, produced by the 18-inch shell, ore contained 
in the following Table : they were made in precisely the same manner as those 
already described, with the needles A, D, P; the deviadon of one needla 
having been observed for any azimuth, it was removed from the pivot and 
replaced by another, and this agmn by the third without moving the {uvot 
cifter it had been adjusted to the required position: the vertical and horizontal 
distances of the shell were likewise the same as in the former case. 
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The deviations of A in this Tabic, are the values of p in the equations (10) 
and (11) ! the deviations of C and fi are the corresponding values of p, the 
talue of k hdng plus in the first case, and minus in the second. To compare 
these equathms with Ae olwer^tions, it is necessary that the value otp should 
be known as well as that of k. This may be determined from the equations 
by means of the observed values rf p, and p in the 'above table •, but Ae 
computations from Ae equation (10) would be so bbqrions, that I must 
acknowledge I have not, for tins reason, entered upon them. I have however 
computed the values of p from the equation (18), when Ae centre of Ae shell 
was in the Mine horizontal plane as that of the needle, althou|^ Aese ctnnputa- 

8za 
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tions are sufficiently tedious : and from tbe mean of the values thus dctM-fnipfidj 
I Itave likewise computed the values of or the deviations of A, both from 
the observations with C and from those with ^, by means of the equation (11), 
taking k s 1,105 in the one case, and' h ss —0.6314 in the other, as de- 
termined from the times of vibration of the Needle I. 


I'hc following Tabue contains the lesults thus obtained. 



Tlie centre of the Shell in the same horizontal plane as that of the Needle. 

“1 

if? 

'll 

If 

The deviations of A deduced from those of C. 

The deviations of A deduced from those of B. 

1 

0 

1*3 

III. 

ijs 

ilii 

III- 

iir 

in 

m 

i 

•9 (ft.' 
1*8 

i 

P 

ilk 

III 

HI- 

ili( 

•8|:?3 

8<BCN 

nr 

III 

iir 

0 

20 

6 S9 

f 114 

1.1S56 

He? 

-14i 

f s'li 

? 11} 

1.0S89 

.? so 

+ 08} 

40 

8 fi8| 

11 37 


11 15 

~22 

IS 3Sj[ 

11 37 


11 51. 

.+u 

60 

8 68^ 

10 17 

1.0654 

10 25 

+08 

10 ssi 

10 17 

1.0438 

10 24 

+67 

80 

4 42i 

3 354 

1.0617 

3 39 

1 

+ 034 

g 86} 

3 354 

1.1617 

3 14 

-214 


g 83 

4 36 

1.2045 

1 4 03 

j -33 

8 01 

4 36 

1.0781 

4 29 

-07 

120 

IS S4| 

11 S74 

1.0116 

12 13 

+ 454 

10 SI} 

11 374 

1.0489 

11 30 

+024 

140 


12 29 


13 12 

+ 43 


12 29 


12 44 

+ 15 

160 

9 08 

7 39 

1.0294 

7 55 

+ 16 

6 80 

7 89 

1.0176 

7 52 

+ 13 

Mean value of p | 

1.078S 


Mean value ofp 

1.0881 

1 


The deviations of A computed from those of B, agree with the jpbserved 
deviations of A quite as nearly as we con expects bnt thorn compiled from 
the deviations of C do not approximate so closely to the observations. The 
difference in the values of p and p principally orim from the value <H k, and 
any error in determining this will hav^a correspcmdblg effect in the jvalues of 
p determined from those of p. From the results .here, tiie value of ft for. thb 
needle B appears to have been detenMnCd'Wltlr'eotiBidendilewccniscy ; and I 
am Hot aware of any cir^iijmsta^es in -.tim ob^atiqn^^ l^ve 

rendered it less so for the needle C. It is however to be obsd^, tlmt the 
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magnetic centre will not be precisely the same for all distances at which thr 
needle may act, and that the position of this point mil vary the more, 
the greater is its distance from the centre of figure of the needle. If for the 
needle C we increase the vriue of ft by one-tenth, that is making it 1.9166 
instead of 1.106, all but one of the computed values of p will agree more 
closely with the bbserved values, and this one will still be extremely near to 
the corresponding observed value. This will be seen by the following Table 
computed as the preceding, excepting that, in taking the mean of the values 
of p, I onut that corresponding to 11 = 100^ and which 1 have done because 
a very small error of adjustment, whether arising from the compass not being 
placed exactly in the required position, or from the centre of the shelknot 
occupying accurately the centre of the circle to which the compass was 
adjusted, would here have a most sensible effect upon the deviations ; and 
' such appears to have been the case, from the difference in the observed values 
of p, udien i was 80“, and when f was 100®. 


The centre of the Shell in the same horizontal plane as that of the Needle. 

ill 

j!i 

lll 

The deviations of A deduced from those of C. | 

Obseited 

nlueiof^ 

Obienrid 
TiduM of 

Valuei offi 
computed from 
the equation 
(1Z)> making 
it -1.2155. 

Value! off 
computed flvm 
tho equation 
(11), making 

;i m 1.062. 

DifTcrence 
belwetn the 
obserred and 
computed 
walucf off 

sS 

0 ^ 

6 29 

? 11} 

1.1037 

in 

-li} 

40 

. 8 {8| 

U 37 

1.0006 


-17 

60 

8 53} 

JO 17 

1.0570 

■H 

+07 


4 4S| 

3 31} 

1.1031 

3 28 

-07} 

' too 

'68 

' 4 36 

(1.1807) 

4 05 


ioo‘ 

IS '34} 

11 87} 

ijom> 

11 50 

mm 

140 

13 It 

IS so 

1.0854 

11 40 


','>60, 1 

M'.Ofi,. 

, -7 30 * 

^ l.^>7 

7 41 

mSM 

■ '.Ill 

iSmitkt of p 

14)6$0 

1 


(<»), 00 derived, does not 
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afTonl a close approximation at this distance of the shell when the length of 
the needle is six inches, as appears from the observations with the needles A, 

. D, P ; and that in deducing this equation, the approximation was limited to 
the first power of I scarcely anticipated so close an agreement between the 
observed deviations of the undeteriorated needle A, and the deviations of such 
a needle computed from the observed deviations of Ihe deteriorated needles 
B and C: this agreement lias therefore fully confirmed the views which I 
originally took of this suhject, as stated in a note to my paper in the Trans- 
actions of last year. There can be no doubt that the equation (11) affords 
the proper correction by which to obtdn the values of ^ from those of when 
the centre of the shell is in the same horizontal plane as that of the needle ; 
and the equation (10) will give the same correction when, its centre is not in 
that plane. I have given the observations requisite for comparison ; but this 
comparison I must leave to others who may be interested in the inquiry, and 
have more leisure for these tedious computations than the duties of my 
situation have allowed me. 

Instead then of these “ secondary deflections,” as they have been termed, . 
due to the deterioration of the needles, being inconsistent with the hypothesis 
“ which attributes the deflectitm of a magnetized needle to the general central 
attraction of the iron on an imaginary needle passing through the pivot (centre) 
in the line of the dip,” as is assumed in the paper giving an account of expe- 
riments with deteriorated needles, I have shown I think clearly, not only 
tliat they are consistent with it, but tliat this hypothesis affords the proper 
corrections to observations with such imperfect instruments; and therefore 
additional weight is g^ven to the aiguments which might have beai previously 
adduced in . support of this hypothesis. Should there be any stiD disposed to 
think tliat the hypothesis of Induced magnetism will pve closer tqiproximations 
to tlie observed deviations than I have derived firom that of a cen'tral aietion of 
the ii-on, the determinations which I Igive given of the (Mribution of the 
magnetism in these needles,, will enable them to compute the deviations on 
tlmt hypothesis, and to exhibit the resulting approximations. ' ' 

I have, however, no intention of controverting the hypothesis Of ifiduced 
magnetism, 'fliat hypothesis undoubtedly affor^ satis&ctory ex plftim tiii ns of 
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many magnetical phtenomena ; but there is one experiment, and that a very 
decisive one, which appears quite inconsistent with it ; and until that experi- 
ment can be clearly explained on the hypothesis, that iron acts by induced 
magnetism alone, I think some reservation is necessary in our assent to that 
hypothegiis. According to it, the lower part of a bar of steel or iron is a south 
pole, and the upper a north pole ; and when the ends of the bar are reversed, 
the poles are iininediately so likewise. We might admit such change of the 
poles in the case of soft steel or iron, but by no means in that of hard steel. 
The following experiment of Mr. Barlow's requires the siime admission in 
both cases : “ I procured a steel bar three feet long, an inch broad, and half 
an inch thick, and had it rendered, according to the expression of the work- 
men, as hard as fire and water could make it and 1 must say that I was not 
at all surprised to find that it produced precisely the same effect as the softest 
iron, clianging its poles with its position (to adopt the language of our author, 
Biot,) with equal facility* that is, I conceive, the deviations of a needle 
corresponding to such change. As the rapid cliange in the poles, which is 
, here necessary to suppose, on the hypothesis of induction from tlie earth, is 
quite at variance with the phsenomena observed on the approach of a magnet 
to a bar of hard steel, and its subsequent removal, it is necessary that the 
cause of this difference should be clearly shown, before wc admit that iron or 
steel has no action upon a needle, but tliat which arises from the se])aration of 
its magnetism by the influonce of the earth or of the needle. Wlien a mass of 
iron is so &r removed from a magnetized needle that the magnetism induced 
in it from the needle produces but little effect, I have shown that the devia- 
tions computed on the hypothesis of a central attraction, agree with those 
observed, even in oases which were supposed directly opposed to such an 
hypotheE|isi and therefore it is not necessary to suppose that the iron is 
polansied by the action of the earth* 

,]^owever, whether we admit the hypothesis of a central attraction inde- 
pendent the action by induction when the^iron is in the . immediate 
neighbourhood of a magnet, or not, tins hypothesis has the advantage of very 
readi^ coimecting idl< the. phsenomena observed in the deviations of a mag- 


* liignalie Attanctions, p. lS4b lit edition : the experiment is omitted in the Snd edition. 
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netized needle which are due to the action of iron ; of indicating immediately 
the nature of the deviations, even under very complicated circumstances, as I 
have shown in the case of the deteriorated needles ; and still further of afford- 
ing ready and close approximations to numerical results in all positions within 
certain limits of distance from the attracting body. 

S. H. Christjr. ‘ 

Royal Military Academy, 

22n(l May, 1828. 
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XVIII. DetariptUm a/ a soundmg hoard in AUercUffe Church, invented by the 
jRer;. John Blackburn, Minister of Attere&ffe-ewm-DarnaU, Shield. 

Read Juno 5, 1828. 

The material is pine wood. The surface is concave, and is genenited by 
half a revolution of one branch of a parabola on its axis. 

The distance from the focus to the vertex = 2 feet. 

The length of the abscissa is . . , . = 4 feet. 

The length of the ordinate to the axis . == v^^f^t. 

= nearly 6.7 
= rad. of outer circle. 

The axis is inclined forwards to the plane of the floor at an angle of about 10 
* or*li degrees, and elevated so as that the speaker's mouth may be in the focus. 

A small curvilinear section is taken away on each side from beneath, that 
the view of the preacher from the north and south galleries may not be inter- 
cepted ; whence the outer semicircle is imperfect. 

This, however, gives an appearance that is not inelegant ; and the outer edge 
being ornamented with crockets aiid leaves and with a finial at the highest 
point, and the concave siiriace being painted in imitation of a groined oak 
canopy, the effect of the whole is pleasing to the eye. 

A curtain is suspended from the lower edge of the canopy for about 18 inches 
on each side. 

1. By means of this erection the volume of sound is increased in a very 
conidderable latio (perhaps as 6:1), and is thrown powerfully, as well as 
distinctly, to the most distant parts of the church ; so that whereas formerly 
the difficftllty of hearing an intelligible sound was very great, now that difficulty 
is effectuiAy removed, e. g. • 

The preacher was scarcely audible even in the pews near the pul^Ht, and not 
at all in more remote: he may now be heard in every part, and nowhere 
more disriacily than in the west gallery, or under it, on fhe ground-floor. 

MTCCcicrraif; 3 a 
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2. It should seem that the voice 
is reflected in a direction parallel to 
the axis ; for let A stand in the pulpit, 
and B stand first in the west gallery 
opposite to the pulpit, and then in the 
side galleries ; though D is much nearer 
to A in the latter case than in the 
former, he can yet hear with decided 
advantage when opposite to A (i. e. at 
the greater distance from him). 

"ilie side galleries appear to be be- 
nefited rather by the increased volume 
of sound, and by the secondary vi- 
brations excited in a lateral direction. 

3. It appears also that vibrations 
proceeding from a distant point and 
moving in the direction of the axis, 
are reflected from the parabolic sur- 
face towards the focus. For let A stand 
in the pulpit as before, and B in a di- 
stant point opposite to A, A can then 
converse with B in a whisper; whilst 
C, standing at an intermediate point, 
cannot at all distinguish the words 
spoken by B ; he can however hear 
what is said by A, Also if B, at a di- 
stance, opposite to the sounding board, 
speaks; whilst A places one ear in the 
focus of the parabola and one ear to- 
wiirds B, the efiect produced is that 
of a voice close to the ear, and in a 
direction the reverse of thjit from which 
it really proceeds. 

4. The converse of this also appears 
true from the following experiment. 



Side View. 
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Let B remain in the situation last supposed, and let A place his face towards 
the parabolic surface, and his back towards B ; let A now speak, having his 
mouth in the situation of the focus, and he will be heard as distinctly as when 
his face was turned towards B. 

5. .If the mouth of the speaker is placed much within or without, above or 
below tfie focus, the effect is proportionably diminished. 

6. The distinctness of articulation preserveil may perhaps in some measure 
1)6 accounted for thus. Assuming that the sound issuing from the focus is rc> 
fleeted in a direction parallel to the axis ; assuming also tliat the velocity of 
sound is uniform ; then the vibrations of the siir proceeding from the focus and 
striking tlie parabolic surface, at whatever ]>oint, will arrive at the same 
moment of time at a plane perpendicular to the axis. For (according to the 
properties of tlic parabola) the sums of the distances (from the focus to the 
paraboloid, and from the paraboloid to the plane so situated) arc always equal 
to each other: it must however be admitted, that the velocity of sound is too 
great to allow much ^^pendence to be placed on this conclusion ; but it is here 
proved beyond dispute, that a parabolic surface is capable of being successfully 
ai^lied to the purpose of a sounding board ; whether other concave surfsices 
similarly situated would be equally successful, or other materials better adapted 
to answer the end than pine, it might be worth while by experiment to osccitain. 

7* Whilst the figure of the canopy remained perfect, the effect was most 
comp^e ; perhaps it might/le improved if consbi|cted larger, or in other 
wor^, if continued circumstances permit) if the parabola 

were to peri^oim , round its axis ; but the distance from 

the foqnfi to' ourve) tnuit depend on the sup- 
posed to the diameter of 

the nulalliA 


4ohn,]^uckburn. 
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XIX. On the mutual* actum of sulphuric add and alcohol, and on the nature 
of the process by which ether is formed. By Henry Hennell, Esq, Cowi- 
municated by William Thomas Brands, Esq, EES. 

Read June 19, 1828. 

1. I WAS some time since engaged in an investigation of tlie nature of oil of 
wine and of the salts called sulphovinates : the results I obtained were consi- 
dered of sufficient importance to be honoured with a place in the Philosophical 
Transactions*. The oil of wine and sulphovinic acid are substances produced 
during the mutual action of sulphuric acid and alcohol in the well-known 
process adopted for the preparation of ether ; and an important point with me, 
during the above investigations and since that time, has been to develop the 
particular changes which take place when ether is formed from sulphuric acid 
and alcohol. I perceive by the Annales de Chimie for November lost, that 
MM/ Dumas and Boullay have been engaged on the same subject, and have 
experimented on and considered, not only the formation of ether, but also the 
nature of sulphovinates^ and, as they supposed, though incorrectly, of oil of 
winef*. That our results with ^gard to sulphovinates and oil of wine differ, 
may be seen from the published. accounts; and there’^is not less difference 
between their conclusions with to etherification, and the results 1 have 
obtained, which I havu^^^ 

2. When alixffiol Icid in equal weights are put together 

without the ' it apy beat beyond that generated during the mixture, 

the most abundfint ai^.important product is sulphovinic acid, above one half 
of tlie sulphtu^r bdng ooaV!|^ted into that peculiar acid by union with 
hydro-carbon j;. Itut when such a mixture containing so large a proportion 
* Phn. Trank 1826. Fart Srd. 

f The aubftaaoe which these gendemen operated upon appears, from their own account of in pre- 
paration, to have been the hydro-carbon separable from oil of wine by the action of alkalies, and not 
that peculiar substance which has hitherto been called oil of wine. 

X The sulpbiirm acid loses half its saturating power by the union, and all the salts fiarmed by the 
new add are sdliible. 
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of siiipliovinic acid is distilled, the most important product is a new substance, 
naiiH'ly ether, and the sulphovinic acid disappears. The questions which then 
arose were, whether the ether was formed altogether from the direct action of 
tiie ramaining alcohol and sulphuric acid in the mixture, or whether the sul- 
pliovinic acid might not also assist, or whether it might not be an essential 
state of the elements intermediate between the mixture of the acid aiid alcohol 
and the development of the perfectly formed ether. MM. Dumas and Boullay, ■- 
who have considei’ed the same questions, or at least some of them,— decide, that 
the portions of materials which form ether, are altogether independent of those 
which produce sulphovinic acid: but the following facts prove in my opinion 
the contrary of this conclusion. 

3. A portion of oil of vitriol was selected for some comparative experiments, 
and also some alcohol of specific gravity 0.820 : five hundred grains of the 
oil of vitriol precipitated by acetate of lead, gave 1500 grmns of sulphate of 
lead. 

4. Five hundred grains of the oil of vitriol were mixed with five hundred 
grains of tlic alcohol, and after forty-eight hours, diluted and precipitated by 
acetate of lead ; only 616 grains of sulphate of lead were produced; sd that 
very nearly three-fifths of the sulphuric acid liad become sulphovinic acid by 
the edect of mixture, and little more than two-fifths remained to act as sul- 
phuric acid upon the remaining alcohol, full two-thirds of the quantity em- 
ployed. 

5. Another mixture of acid and alcohol in the same proportions, and made 
at the same time as the above, was then distilled until 117 grains had passed 
over, consisting of water, alcohol, and a portion of ether. The residue in the 
retort had not undergone any clmmng effect ; and being diluted, was praci- 
pitated by the acetate of lead : the quantity of sulphate of lead obtained, 
amounted to 804 grains, indicating an increase in the quantity of sulphuric 
acid equivalent to 188 grains of sulphate of lead. 

6. A similar mixture of alcohol and sulphuric acid, made at the time and in 
the same proportions as the two former, was then distilled until two hundred 
giuins had been received, the greater part of which was ether ; the junoharred 
residual matter in the retort being then, diluted, was precipitated .by acetate of 
lead as before ; 986 grains of sulpHate of lead were obtained. rThis conteinad 
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nearly two-thirds of the sulphuric acid first added, and the increase by distil- 
lation had been much more than one-half of that wliich existed before the ap- 
plication of heat : so tliat during the distillation, and simultaneously with the 
formation of ether, a quantity of sulphovinic acid had been re-converted into 
sulphuric acid, and the latter appeared to increase in quantity in proportion 
to the increase of ether in the distilled products. 

• 7- A similar mixture of alcohol and acid, mode at the same time and in the 
same proportions as the three former, was then distilled until two hundred 
grains had passed over. Two hundred grains of water were added to the 
contents of the retort ; 160 grains were distilled off ; a second addition of two 
hundred grains of water was made, and the distillation continued : a further 
addition of five hundred grains of water was made, and the operation continued 
until as much product had been separated as equalled the water added ; — the 
object was to separate all the ether and alcohol possjblc, for the purpose of ascer- 
taining to what extent the conversion of sulphovinic acid into sulphuric could 
be carried. No smell of sulphurous acid was produced during the operation, 
nor di4 any charring of the contents of the retort occur ; when precipitated by 
acetate of lead, 1480 grains of sulphate of lead were obtained. This is very 
little short of the 1500 given by the acid when unacted upon by alcohol, and 
shows that nearly the whole of the sulphovinic acid had been changed back 
into die state of sulphuric acid ; apd is completely at variance with the opinion, 
that when sulphuric acid and alcohol act upon each other, hypo-sulphuric acid 
is foimed. 

8. From these experiments it appeared probable that the ether was the pro- 
duct of the decomposition of the sulphovinic acid : but a mixture of equal 
weights of alobhbl and sulphuric acid contains, besides the sulphovinic acid, a 
considerable quantity of unaltered acid and alcohol ; for in such a mixture 
three^^flths (4) of the sulphurio add would be converted into sulphovinic acid 
by combination with the hydro^carbon of less than one-third of the alcohol 
employed; 1 next proceeded to ascertain, whether, when no alcohol was pre- 
sent, ether would bb produced. A quantity of the sulphovinate of potash was 
therefore prepared. Ihecoinposition of this salt has been given in the paper in 
IheFhiloiqdiieellVa^^ before referred to, iasd one hundred parts contain 
08^84 of potai^. Five hundred gndns were mixed with 150 grains of sulphnric 



368 


MR. HENNELL ON THE MUTUAL ACTION OF 


acid^ being nearly the equivalent of the potash in the salt^ and then heat applied* 
Hie experiment therefore may be considered as the distillation of sulphovinic 
acid mixed with sulphate of potash, which it may be presumed remained inert 
during the process, and also with the water of the acid and of the salt. The 
proportion of water, it is found, has an important influence ; but in the present 
experiment about a drachm of fluid distilled over, and left a blackened and acid 
salt in the retort, having the smell of sulphurous acid. A few grains of carbo--* 
nate of potash being added to the distilled product, abstracted a little water: 
the clear decanted liquor was then mixed with a little dry muriate of lime, 
and by agitation separated into two portions ; the upper one being decanted, 
amounted to nearly half a drachm, and was found to be pure ether. This result 
proves that ether may be formed from a sulphovinate or sulphovinic acid when 
no alcohol is present. 

9. An experiment similar to the last in the nature and proportions of the 
substances used, was made, except that the sulphovinate was dissolved in its 
own weight of water previous to the addition of the sulphuric acid. The 
experiment is one therefore of the distillation of dilute sulphovinous geid, in 
place of that which is concentrated. The distilled product had no sm'ell of 
ether, nor could any be discovered in it. About nine fluid drachms were ob- 
tained; to these, carbonate of potash was added, which separated the water, and 
left three drachms of a supernatant liquid, appearing by taste, smell and flame, 
to be alcohol : this was decanted, and poured upon muriate of lime ; no ether 
separated, but the whole formed one solution ; being distilled from the muriate 
it was evidently alcohol ; and being mixed with its weight of sulphuric acid, 
gave sulphuric ether or sulphovinic acid again. 

In this experiment there was no charring of the contents of the retort ; and 
by precipitation by acetate of lead, the whole of the sulphuric acid was ob- 
tained ;-»not only the portion added to decompose the salt, but the double por- 
tion evolved from the sulphovinic acid upon the separation and re-arrangement 
of the hydrocarbon. 

10. In the former paper it was shown that oil pf wine when heated in Water 
is resolved into hydrocarbon and sulphovinic acid : an experiment waS there- 
fore made upon it. Two hundred grains of oil of wine were plaeed'ln a netort, 
a little water added, and heat applied: about a drachm was received, which being 
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redistilled from carbonate of potash the product appeared to be principally aU 
cohol^ but the presence of ether was very evident. — ^This experiment proves the 
formation of ether from sulphovinic acid when no sulphuric acid was present 
as such at the commencement of the distillation. 

With regard to the questions at the commencement of this paper, it appears 
to me frdm the fiacts detailed, that in the usual process for obtaining ether, the 
ether is not formed altogether from the direct action of the alcohol and sid- 
phuric acid considered independently of the sulphovinic acid present ; for the 
quantity of free sulphuric acid is small compared to the quantity of alcohol 
present> two-fifths only of the acid remaining, while of the alcohol more than 
two-tlurds remain; and fiuther, sulphovinic acid alone is readily converted into 
ether and sulphuric acid, (sec 8.) and during the distillation of ether in the 
ordinary way the sulphovinic acid is always re-converted more or less completely 
into sulphuric acid (4. 5. 6.) it probably therefore assists much in the process. 
With regard to the third question, the opinion ifiay be supported that the for- 
matiem of sulphovinic acid is a necessary and intermediate step to the produc- 
tion of ether from alcohol and sulphuric acid ; and although I do not mean to 
’a^rt this view, yet it deserves a few remarks. 

Iq no manner which has yet been devised can ether be formed from alcohol 
and sulphuric Rc^ without the presence of sulphovinic acid. Whenever ether 
has been formed, sulphovinic acid has been present ; whenever the sulphuric 
acid is dilute so far as not to form sulphovinic acid with alcohol, it also 
refss,^. to form, ^ther with alcohol. Sulphovinic acid will produce ether without 
the h 99 istance of dcohol. And although the ether produced when a mixture 
of equal wrights of alcohol and sulphuric acid ore distilled, appears to be in 
greater quf^tit^ thsm can arise from the decomposition of the sulpliovinio acid 
exi^t^g in the np(b^e previous to the action of heat, it is not I think incon- 
jsis^t^ Jo suppi^, t^t at the some time that one portion of sulphovinic acid 
if ;r^ojy^ mtp sulphuric acid find e^cr« another may be formed from alcohol 
and si:iphiiric acid ; and that sulphovinic acid is formed in a mixture of sul- 

the following experiment. Five 
by five hundred grains of i^r ; 
fhoosahd grams of alcohd, spe- 
ni^tare was rattCdimd for sul- 


ware ditt^d 

whm aid^'two 


MDCOCXZnil. 
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phovinic acid, but none had been formed: it van placed in a retort, and a 
quantity distilled off nearly equal to the weight of the alcohol employed; 
this had a specific gravity of 0.842. Carbonate of potash separated a con- 
siderable portion of water, the orig^al alcohol would not even nioiig:<»n ttmt 
sidt ; the residue in the retort was examined, and now sulphovinic add was 
found ; the evidence of which was, carbonate of lead being dissolved in consi- 
derable quantity ; here sulphovinic acid had been formed by heat, where it did 
not previously exist, l^is result appears also opposed to the opimon, that in 
the formation of ether the sulphuric acid acts simply by abstracting water from 
the alcohol ; for the dilute add here gave up a portion of its water during the 
distillation, and separated from the alcohol a portion of hydro-carbon. 

It has already been shown (9.) that the production of ether is materially 
influenced by the quantity of water present, and that the same sulphovinic 
add will yield either ether or alcohol, as it is in a concentrated or dilute state. 
71ic hydro-carbon which, as was shown in the former paper, has the extraor- 
dinary power in oil of wine of neutralizing the whole d the add properties of 
sulphuric acid, and in sulphovinic add of neutralizing the half of them, being 
jn the latter body in so peculiar a condition that it will unite dther with that* 
proportion of water necessary to form ether, or with the larger proportion 
requisite to form alcohol, according to drcumirtances. 

In the experiments (8. 9.), in the production by distillation of ether or alcohol 
from sulphovinic add more or less diluted, it appeared that sulphovinic acid 
might easily have its proximate elements separated and restored to thdr origi- 
nal state of sulphuric acid and alcohol. Tim following experiment was 
with a view to illustrate this point, five hundred grains of add and five hun- 
dred grains of alcohol were mixed as before, and left tot Several days : by 
previous experiment it is known that more than half the rolphuric add in this 
way becomes sulphovinic acid (4). By distillation and diluthm at proper 
periods tills would have given ether and alcohol, and' nearly the whole of the 
sulphuric acid ( 7 .) : but instead of ddng this, it wus mixed with one 
gmns of water, and then distilled until 1400 grains had passed over. 'Ko 
charring or decomposition oi the saljdiuric add'tock placer'no' ether 
formed -, but nearly the whole of the original olcdhol and sulphuric add ‘were 
recovered. It may be a question iriielher the prodnetioa of alcohdi'&ad ether 
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in those and similar experiments is altogether determined by the proportit)ii 
of water present, or whether the difference of temperature consequent upon 
its variation may not have an effect. 

When ether and sulphuric acid arc heated together, oil of wine and sulplio- 
vinic aci(} are amongst the products obtained ; and as this sulphovinic acid is 
readily converted when diluted into alcohol and sulphunc acid, so it affords a 
^ method of converting ether into alcohol : thus ether may be formed from alco- 
hol, and alcohol from ether at pleasure, by throwing the hydro-carbon of these 
bodies into that peculiar state which it assumes when coml)ined with sulphuric 
acid in sulphovinic acid. We may even proceed beyond this, and form either 
alcohol or ether, using olefiant gas as the hydro-carbon base : for I have shown 
in my last paper, that olefiant gas by combining with sulphuric acid, forms 
sulphovinic acid, and the acid so produced forms cither ether or alcohol, ac- 
cording to circumstances which are under perfeot^mmand. 

It can hardly be necessary to refer to the extraordinary remark at the end 
of Mhl. Dumas and Boullay's second paper, except to state that it is singu- 
larly at variance with the facts and opinions given throughout the former part 
of that and the preceding paper by the same authors. Those persons who read 
both papers, and also those of Mr. Faraday and myself, which were pub- 
lished long before the appearance of the former, will be able to decide without 
further comment from whom the particular views contained in those papers 
first emanated. 


Apothecaries* Hall, 


H. Hennbll. 


3 B il ^ 
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XX. •Expermenti and observationi on electric conduction. By Wiluah Rttcbib, 
A,M, F.R.S. Rector of Tain Academy. 


Retd June 19, 1898. 


That some substances conduct or convey the electric fluid to a distance 
better than others, is a fhct known to the earliest electricians ; but on what 
power or property of the body this superiority depends, is a question on which 
different opinions still seem to prevml. We constantly hear the expressions 
" electricity is attracted by metals ; the lightning is attracted by the metallic 
points of a^conducting rod,” and other expressions of similar import, — all Bigni> 
lying that a powerflil attraction does exist between metals and the electric 
fluid. Now the contrary is really the fact, those bodies being the best con- 
ductors which have the least attraction for the electric fluid. From the 
profound mathematical investigations of M. POisson, and the luminous writings 
of M. Biot, it appears that these philosophers conrider the meteds merely as 
forming the passive interior of a vessel, of which the exterior surfoce is the 
ambimit air ; and that the electric fluid rushes along between the atmospheric 
boundary and the surfiice of the metal, where it finds an easy passage. We 
are therefore to conrider the. metals as quite passive in the conduction of the 
electric fluid, and that tiie prime mover is the repulsive energy existing between 
rimilar atoms of the compound electric fluid. When a metallic ball connected 
with the earth is placed near the prime conductor, the vitreous electricity sur- 
rouncflng the con^etor repels the vitreous electricity of the ball, and forces it 
to g«dA along tott'greater dhttanc^ whilst the ball will now be surrounded by 
a tiiin film of the rerinons flttid. The vitreous electridty of the conductor 


thus fipcBng ah ^eistier yunge in the direction of titp ball, and bring in a h^h 
fitn tf of liitojv^ qtbar riestie fluid, glide akmg in the direction 

of the b^ bedh attiacted by thaiiibot^. The reasw why 

U ^ not becanse it is 
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the same facility the natural electricity belonging to the glass, on account of 
the powerful attraction existing between the atoms of the glass and those of the 
electric fluid. If the glass be thin and a metallic conduptor placed in its inte- 
rior, the vitreous electricity will act through the glass, decomj^e the fluid in 
the metallic conductor, and then actually strike through the glass in the di- 
rection of the met^l where the resistance is least. 

Exp. I. On the ends of two thermometer tubes I blew two balls of extreme 


tenuity. 1 then introduced two pieces of brass ^re Into the tubes till the ends 
reached within a small distance of the interior sur&ce of the balls. Having 
brought the other ends of the tubes together, I jdned them at the flame of the 
blowpipe, so that I had now a metallic conductor completely surrounded with 
glassw This being placed on a stand, and one of the balls brought near the 
prime conductor, 1 found I could take iqxurks, for any length of time, from the 
other end, in the same manner as if the glass had not been interposed. When 
the bulbs were about the thickness of those of a common thermeuneter, I ob- 
served that if sparks were taken for any length of time from the same place, 
they afterwards chose the some tract. I naturally concluded that the ..glass 
had been pierced, though I could not deteimne it by the naked eye. I foiind, 
however, that if the tubes were again separated and the air partially expelled 
from one of the balls by heat, and the open end of the tube placed in a vessel 
containing mercury^ the mercury rose in the tube, but after a short time it 
again sunk to its proper kvel ; clearly showing that the bulb had been pimsed, 
though the aperture was extremely ndnute. * I now began .to suspect that in 
every case in which glass seemed to have been l^re^periaeUted by the eltetric 
fluid, that the fluid had been either 4ilentfy eohductedr’thrOugfa It, or that, if 
carefully examined, it would have been found to have but some of t}ie 
atoms of the glass. I therefore repeated the experimM with gkiss an thin as 
it could be blown without burstmgi and found that ttta electric fluid .would in 
that case fredy permeate It; and that by no method 


the smallest aperture m ttjo'glasSjv , / 

Exp. II. jPlace an electric jar in a recehrc^>aad exhaust the afr ; 

the charge nthkh Han b» gi^it dSiniiiid^: 

w farther, aad 

change. In continiiifig>td'4gdbh^^|iS)f‘'^ t&e 
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nected with the prime conductor and knob of the jar will become less and less 
till the electric fluid begins to flow in a continuous stream. From this expe^ 
riment it is obvious that the jar ceases to receive a chai^ when the pressure 
of the air becomes equal or less than the repulsive eimrgy existing between 
the atoms of similar kinds of electricity. 

Exp. III. Place •the Leyden phial in a receiver^ to which is adapted a con* 
densing syringe } condense the air^ and the phial will receive a higher charge 
than in air of the ordinaiy density. In charging the jar^ the sparks will l>e 
larger^ and strike off at greater intervals than in common air. 

It is quite obvious that in both of these experiments, the pressure of the air 
prevents the radiation of the electric fluM in the same manner as it acts in 
partially preventing the radiation of caloric from a heated body, or evaporation 
from the surbcc of water. 


Exp. IV. Raise the end of an iron rod to a white heat, place the other end 
in either cdnductor, and the vitreous or resinoos^ electricity will flow off to a 
metallic ball in a continuous stream. When the iron assumes a red heat> the 
current will change into a rapid succession of small sparks, which will increase 
M sise*a8 the iron cools. If the heated iron be presented to either conductor, 
the saqie effects will take place. 

In this eaqteriment the air surrounding the heated iron is highly rarified, 
and consequently .eaeits a dipiinished pressure on the electric fluid, which of 
course jlow^ SffJtiy Its own in a receiver partialiy 

W; attraction of the ivoa for the eleotrio fluid> when satu- 

flow off in a ixi^uqus^al^^ when the ysressureof the air is greater than 
that of f|r.,Jhi # fiyilgf ’ ex pe^ en t in the exhausted receiver. When^the 
iron has air, not behig so much rarified 

a ekaall 

wipiienoe^ tlie.pae^ 
sage, of the suidU in nir of a oeitiiii * 

dendty 


in..- 1 iA. ^ z . 
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be discharged by explosion, vfaen the heated ends are at a mueb greater 
distance it can be when the rods are cold. ■ The mr between the ends of 
the rods being partially rarified, will of course afford an easier passa g e to the 
electric current than air of the ordinary densityi oiid hence the.>diaehnrge 
take place when the ends of the rods are mwe rnpote. This isi exeet^.w^t 
takes place when cold rods are placed in a tall recriyiM^ partially .exh&usted* 

Exp. VI. Place two metallic wires in tlieendsirfa.liMgppncil of flame fonaed 
by the blowpipe, connect them with the opposite tides of .n charged, jar, and 
the jar will be discharged by explosion alcmg the flame, -. ’pie spati^ 
its appearance at the point of tiie flame. The flame c^ a.hjowidps isahbilow 
cone containing highly rarified air*' The eleotno. fluid w01'.ithwtefl>re .glide 
along such a cone, exactly as it do^ along the interior of R boUo^i. con^ of 
glass partially exhausted of mr. We are therefore not to regard flame as a con- 
ductor of electricity in the ordinaiy sense of the term ; when the only part it 
performs in the conduction is merely , that of forming a partial- vaounm., .. 

This fact is sometimes illusjbrated in a magnifleent manner during vitient 
irruptions of volcanic mountmns. Tbeair in the crpter.iSjhighi^.rRtiflod* Rud 
during a thunder-storm, the lightning is observed to 'dart . into tho.'holloW 
cone as if it were attracted by the flame, V by the mass.,^ iWlted lava, at 
bottom of the crater; whereas the true cause of the phsemi^RQ^ >8 fou^.ip the 
ready passage which the partial vacuum afibidB to tiie elec^c flpid,.drivw off 


by its own.rcpulsion from the charged cloud.,, , 

It is a well-known fact ttot impcrfectijo^licti^ 
conductors when heat^.. , Glass, for. exompl^f .'<yl4^.,tR'R! Wi? 
ductor when , cold, conducts the electric flnid.veiyr!Bai®s.Wi«».kff^ wdhot 
Tiiis is indeed what wo ndght natuiuUy.expect.-froiR,^^^ asvgucd 

as the cause of cpnduction. .Glass whenl^ld^^ R?|i$we|^ tbe 

electric fluid ; it is thei^efor^ rmtiiral toso^ect 

which is at least one of tiie ingred&nts of electr|ck^, i)8.jBtiW|i^bn,J»i!!tii^ 

. , . . i*. . • - li. 

fluid would beemne lesS,.wid cnnsequeRtT 
along its surfiice. If th^b^y 1% 
tricity, the J^io of itE^^ 
heat as in t^case of %|C8Sj 
Mavamini to be tlie .case ifth : 
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which I have lately performed, I am led to believe that it will be found to be 
the case with every kind of conductor. Sir H. Davy in some of his experiments 
on the conducting powers of metals, was led to conclude that the conducting 
power!^ of metals are diminished by heat, at least for voltaic electricity. It 
is perliaps true, that if a slender wire be heated in the middle by a spirit-lamp, 
the same 'quantity of the electric fluid will not find its way to the other 
end of the wire, as happens when the whole is cold. But unless the quantity 
of the electric fluid which escapes by the rarified portion of air surrounding 
the heated part be ascertained, no conclusion can be drawn with regard to the 
increase or diminution of the conducting powers of the wire. 

In my experiments on the conducting powers of hot and cold iron, I very 
soon relinquished the use of wires for tliat of rods sibout half an inch in dia- * 
nlSter. 


Exp. VII. Let an iron rod be converted into the 
annexed form, in which C, B are brass balls, anrf | 

A drawn to a fine point. Let a glass tube be ^ 

drawn out at a lamp to form a slender needleabout * 

six iifohes long, which is to be suspended by the middle by a fine lihread of 
glass. Place two slender pieces of glass at each end of the horizontal needle, 
to prevent it havinjg much motion. Twist the thread a little till the needle* 
rest against the opposite supports. Place its pith ball D between B, C. Heat 
about a foot of A B in the middle, place the rod on an insulating support, 


with^A iu»r the prinie conductor, and bring it rapidly to its former position. 
Tniti the iild^ til! the fraction of B just overcome^ that of C, continue to 
tufti the inaoi)ine;^d»t&e attra^iem of B will diminish so that the ball D will 


moveoffto C'aa^tbe iron cools. From this experiment, it would seem that 
iron wl]M'heatUis:a^ M|^^ of the electric fluid than when cold. 

The I tiave repeated at least ten times with nni- 

fmtnly the possibility of doubt. 

Exv. ynK;^j@^^>^obrtun^ connected Vith the earth near the balls 

red tbe ^ectric fluid strike off almoet 

eqiidliy4i^l^l ^ a[«A^ gfe' e«d. ei^ jtel’dectrfiflt:^ will c«m.etriking oflT 

fimfl C. Ilie experiment 

■ n ii y Ae vhotokledtridty^ftt 'firiit 
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flow from B : as the iron cools, sparks will b^n to appear between C and its 
ball, and in a short time the current will cease entirely from B, and the whole 
will now strike off from C. 

As the ball B was at a considerable distance from E, its temperatftre re- 
mained uniform : we are therefore led to the conchtsion that the electric fluid 
finds an easier passage along hot than cold iron ; or, tb use the ordinary 
language of the science, iron when red hot is a better conductor of electricity 
than when cold. 

Whether the cause of this be found in the diminished attraorion which hot 
iron has for the electric Add, in the diminished pressure of the ambient air, or 
in both causes combined, is a question which has not yet been solved ; but 
whatever be the cause, the fact is certmn, though at complete variance witift '! 
our preconceived notions on the subject, and even with the results of former-^ 
experiments. 

Exp. IX. Suspend a magnetic needle by the glass thread as in Exp. VII. 
Place a rod of iron heated white hot opposite cither end of the needle, apply 
either pole of a horseshoe magnet to the other end of the iron, and the devia- 
tion of the needle both by attraction and repulsion will be found to be greatest 
when the rod reaches a red heat, and will continue to diminish as the rod 
cools. From this experiment it is obvious that iron at a red heat conducts 
the magnetic influence better than when cold. Though this experiment bears 
some resemblance to those of Mr. Bablow, yet, as far as 1 know, the flmt has 
not been previously observed: mid it afibrds us another striking analogy 
between the electric and magnetic influences^ 
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XXI. On magnetic influence in the solar rags, ^ Samuel Hunter 
Christie, Esq, M.A. F,R,S, ^c. 

Read June 19, 1828. 

The ^ts which 1 communicated in my fonner paper on this subject appeared 
so inexplicable on any known principle, that I am induced to present my 
subsequent observations to the Society, although I have not succeeded in 
. ascertaining the causes of the singular effects which 1 have observed. From 
the experiments described in that paper, it appeared that a magnetized needle, 
when vibrated exposed to the sun*8 rays, will come to rest sooner than 
when screened from their influence : that a similar effect is produced on a 
needle of glass or of copper $ but that the effect upon the magnetized needle 
jgreatly exceeds that upon either of the others. To the experiments from 
which this was inferred, it might be objected, that the magnetized needle and 
the other metallic needle were not of the same weight, and that the effect 
upon an unmagnetized steel needle had not been compared with that upon a 
similar needle magnetized. 1 therefore, on the first opportunity, made these 
experiments in the most unexceptionable manner, and the results most de- 
cidedly confirmed those 1 had previously obtained. 1 endeavoured likewise 
to ascertain the effects that would be produced by the separate rays ; but, pos- 
sibly owin^ to the inefficiency of my apparatni^, I obtained no very decided 
results : the violet rays appeared to produce the same effect as partially sefeen- 
ing the needle ;* and the red rays, the greatest effect in diminishing the arc of 
vibration, ifhe obseita^ionstheinselvM will however best point out the nature 
of these efiects. . * 

My first ol^ect waa to comparo t^ efibets dn an nninagnetized steel needle 
with those qn a magnetiied ne^^^^ufider dreumstaoeds as nearly as possible 
the same* For thU pnriose I ma^ another necAe of same form and 
weighl^ 'aii4l^ sme pirn of c1oc|hi^^ magnetized needle 

r which I etnpioj^ pairfeboi^ glued to the 
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under side^ to render it of precisely the .same weight as two other needles of 
copper and of glass^ which I had cut of the.same form for the purpose of com- 
paring the effects upon needles of different kinds. The length of each needle 
is 6 inches, and the greatest breadth 1.5 inch, the boundaries being circular 
arcs. The needles were vibrated by means of an apparatus, described in my 
former paper, from which metal was scrupulously excluded ; the suspending 
wire being the only metal within several feet of the.needle. This wire was of 
brass, and of such diameter, that the unmagnetized needles vibrated by the 
force of its torsion in very nearly the same time as the magnetized needle by 
the directive force of the earth. The observations are contained in the follow- 
ing tabfe, where the terminal arc is, in all cases, the extent to which the needle 
vibrated beyond zero after completing the 100th vibration ; and the terminal * : 
excess is the excess of the terminal arc whep the needle vibrated in the shadii^' 
above that when it vibrated exposed to the sun. 


N«edlc vibrated. 

Needle vibrated screened 
from the Sun. 

Needle vibrated exposed 
to the Sun. 


Emm 
of lit 
Vibntlon. 

‘nmeof 

mikiiwioo 

VlbraUom. 

IQOther 

TermlwU 

An. 

Them. 

btmt 
or lit 
VlbnUen. 

Time of 
miking 100 
VibnUom. 

lOOthor 

Tmlnil 

AlC. 

Tbena. 

Tnml. 

lulim. 

em. 

ninr. 

Magneticed Steel Needle. 

bS+sS 

m • 

6oej 
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na I 

0 01.9 
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■ 

■ 

Mcaiu... 


0 0S.1 

8U 

nm 

90+88 

Dsa 
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m 
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06 

3JJ23 

Q2Z1 

19 
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65 
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S5 
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19 
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■ 

■ 
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26.1 

65 

90+91 

5 59A 

18.8 

m 

El 




April 21,ftiipil>>07»r.M. to 1>> SIP P.H. | 


Tlie circumstances under which the observations with the two needles were 
made, were as nearly the same as I could expect to have them ; and the results 
show that the effect produced by the sun*s rays on i^steel needle, when vibrated 
exposed to their influence, is most decided^ increased when that needle is 
magnetized. The small differences wldch are to be noticed in the extent of 
the first arc of vibration would have little influence, on the terminal arc, the 
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diminution in the large arcs being so much greater than in the small ones : 
for instance, the needle vibrating 9(f beyond zero in the first vibration, in the 
second it would not vibrate to 88^; whereas the 100th vibration being 26^ the 
101st would be 25 beyond zero. This remark applies to all the observations 
which ! have made. 

In making these observations, I first noticed that time appeared to be re- 
quired, in order that the full effect arising from exposure to the sun should be 
produced. Thus the last observation in the shade with the magnetized needle 
being concluded at 9^ 40", the screen was immediately removed, and I com- 
menced an observation in the sun at 9^ 43", which gave the terminal arc 2^° ; 
and the next observation in the sun, commencing at O'* 53", gave the terminal 
arc 16^^ With the unmagnetized needle, the last in the shade being concluded 
at 0** 52", I commenced an observation in the sun at O'* 53", which gave the 
terminal arc 22^ ; the terminal arc in the nes^ observation commencing at 
Ih Qjrn jgO; the needle being screened at 1'* 39" 45”, an observa> 

tion in the shade, commencing at 1^ 39" 30*, gave the terminal arc 24^° in- 
^ steadLof which I bad obtained previously. I ought to mention, that during 

the^'observation wkh the magnetized n^le in the sun to which 1 have referred, 
the power of the sun was diminished by a haze which produced a halo round 
it ; and the extent of the terminal arc n^ht partly be attributed to this cir- 
cumstance. I have, however, obiterved the tiuneieffiset on other occasions where 
no such cause operated. 

In the following table, are contained sin^lar obsemtibns, which I made 
with these steel needles and two others, the one of copper, and the other of 
glass. The four needles were of the same form and weight, and vibrated 
nearly in the same time ; the unmagnetized steel needle, the copper needle and 
the glass needle bdng suspended by same wire as I had used in the fore- 
going ex p er im en ts with the unmagneUifM'steel needle. 
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„ „ llmeof Kxtmt 

Needle commene* of Am 

Vibrated. VlbiRlion. 



JulySnd. 

h m o 0 ® • 

10 09 00+88 6 01.0 


- u 

II 

•*!£» 


90 +88 U 01.0 




Son diining'clMr* 
San ehiiung dear. 
Clouds o?er sun. 


74.8 Sun clear. 

78.5 Sun clear I devontlidi^ordieinstnitnent. 
fBiO Sun daart dair«iio tlw^ast of the instrument. 


Sun dear. 
Sun dear. 
Sun dear. 


80.0 Sun dear.' 
80.0 Sun dear. 
80.0 Sun dear* . 

Tenninal'C 


»ii2ijArss&* 


7+7 ISun clear. 
75.3 Sun dear. 
76.0 Sun dear. 


76.0 Sun clear. ) These two dMervations are not Induded 

78.0 Sundw. ) inthemeiMi. 

79.0 Sun clear: dew on die glau of the instrummt. . 
794 Sun deer: dew on the glam of the instnifflHt. 

80.0 gundeer; dew.on iheglaMofdwiMlruinatit. ' 

Teminal eicem wf^ls \ t 
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This table exhibits in the clearest manner the difference between the effect 
on a magnetized needle and that on any other, when vibrating exposed to the 
influence of the sun's rays. Had the time during which the magnetized needle 
vibrated been 6” instead of 6" 13*, the terminal excess Would have been 12°.S 
nearly, supposing it to be nearly proportional to the time. However, to 
render the time in which this needle made one hundred vibrations more nearly 
equal to those of the others, I remagnetized it; and four hours aftenvards made 
the following observations. 



of these observations again appear to iniUcate, that the full efibet of 
the temunal arc was not produced immediately en exposing the 
neediw to the s^’s TtQrs, nor was the fUl eflbet of Increeiang it immediateliy 
prodneed:-^ setohaiag the needle ihotn’ thdr ittflnenoe, ,^The fh!St obsemitton 
with the the sun, cpnunenqed immwHstoly 

that the am .una ;-^the next 

' thoseHwbieh-lis'Bgiwd. -it was 
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reduced to 22” and 2 1”, which appeared to be the Umit. The observations with 
the magnetized needle.^^ve similar results; The ttMnal arc was 21^° in the 
first observation with the needle exposed to the sun, which commenced imme- 
diately that the screen was removed; and this are was only and 1C* in 
tlie subsequent observations. The result UM' similae . in the first observation 
in the sun on the 4th of July ; although the difference between the {ehninal 
arc in this and the following observations was hot so comhderable : but in the 
first observation when -the needle was screened, aftn having been exposed to 
the sun, and which copmenced immediately that the needle was screened, the 
terminal arc was only34{® instead of 20^, which it’ had been in the shade pre- 
vious to exposure to the sun. lids ciroamBtaacewmikliqqieBr to indicate that 
the diminution of the terminal arc, on exposure to tha son, was caused by the 
heat which it imparted ; but subsequeiU observations dearly showed that this* 
was not the case, and that the eflect only so to d^^dent on the heat of 
the sun, that this appeared in some instances to meafiure the intensity of the 
action which produced the diminution. . These observations in Jidy, compared 
with those in April, appear to indicate that the to Sun’s rays on the 

magnetized needle in April was greater than in July; tdthengh tbnr intensity, 
measured by the heat imparted, was much less in the former case than in the 
latter. If, however, such is really the case, nothing but observations carefully 
made and repented during a series of years, would satis&ctorily establish such 
a fact. It may appear that I have unnecessarily multipUed observations all 
pointing to the same conclusions: my object in making tom wus, in to first 
instance, to satisfy myself that to efihets Which I observed invarh^ took 
place under certain circumstunces ; and.I;‘te aU cases, gjve these repeated ob- 
servations, that othent may be enabled to draw their own conclutions from 
them, should they doubt to dmoetdess of mine. . ' 

In order to determine how to to - vIbliMions of a needle are infimmoUd by 
the separate rays, I placed a glass eyihider, ground plane-ofoto wider wdge, 
upon the plate of glass coveting to eOmiiBSshoi t^lmd I pnq^illiy having 
tluuls of different colours *iB this 'cylindeif;‘to trailp^t onify phrtimdar rays, to 
the needle. Owing, however, to the irre^piluti^ed^ to tides.rf to eypidnr, 
so much tight was lost in mmsliiissto tfaroHih to cytHtd^WettUf^^ 
that to efihet was ixmsidEiibly dMliili^ and ttfliM^'tiiabl^Te up 
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this method of observing, as before I could have procured another c^Under 
better adapted to my pnrpoee, I shonld no longer have been able to devote the 
^uisite time to the'inquiry. The only effect which'! observed was, that 
transmitting the rajra through half an inch of the sulphate of indigo very much 
diluted, q>pcared to be neady equivalent to intercepting them altogether. 
AnothOT method wUch I adopted fw transmitting only particular rays, was by 
pladngdrcles <ff glass pmnted widi diffarent transparent colours over the com- 
pass; butinthismaBnerlobtainednoTeiydeterminateresultsas respected the 
effects of rays of tBfferenteolOnrt. Altbongb I fidled in the particular object Iliad 
in view, the observations led to one important conclusion, vhich 1 have already 
noticed, tiiat the dintimithm in the tecminal anrwas not produced by the heat 
imparted by the sun, tither to the needle.or .the medium in which it vibrated, 
Ibe diflbtmioe made in- the appaiatns was, that the compass-box was nine 


inches- in dameter, to coni^ a graduated circle of paper eight inches in di- 
ameter :--ao.tiurt-.tbetikeadleWving.bifot^ in.tbedEirection of its axis projecting 
IJi indi bqroad im eKtrendiM I was enabled to rew the direction 

(ff . the.needhi, .aKbobgblt by the coloured glass placed over the glass 

'ti^tliiribeintriuiient.' In odder that I might have a tolerably correct measure 
of the temperalure within the compass-box during the different ol»ervat'ions, I 
placed intide, a anall sjdrit thermometer, graduated on ivory, and having the 
tube fixed to the scalq I 7 narror -bands of paper. I likewise employed a 
powetfU Jens eievoa- indies iii.,diam<(er to concentrate the iqys on thf space- in 
wUdk.die -needle vtiimted. I -attempted -also to bring the focus of- the lfeiis 
irifoine;,^. conqiasB-lKH^ bnttiie heatim so great that it bpmed part of the 
pppantiHirABdldcsisted,-|testby.,tioiini^.thoe^^ an 

end-to-.aq^'tMpmhneiits. .■Tliei4Sdiiw^|^laM.e!(niiiis^ 

^v^ a small ihmioentrio seoicbeihiM^ ^tted each other 

foot thatit^efiMfe^wiAv^ i^j|||[qpiet{^^ fl»m tbpt 

oh wqd pieiia were op the vg^ations^a 

I hiM? rg* 

iiMidi«,b4f|[|^ w]iidtlWi,-bqap' foce^^^ so 

ijlHi IMIMi i 

MBccmoStafifc’; ■ ' ■ ' 
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ClituimfatiH-M J nmcoT BstnitnfUlr Itawof Tpr- 

unilrr u Im h the | rnninivnc. flnt arc of nuikiiiff tnuial Wtlbin the ExpoNd In 
Nf!eaicvibralwi.|in||thc Ok Vibratlan. lOOVC An. CompaMk tatht 
lervntion. brationi. boR. Bun. 




filiiu glius ) 
removed ) I 
Lens edge- ' 
wiieto ibo 
Sun . • 
Ia'hs ro- 
moved . 


0 sat U04*S4.S 5 •14.4 t(U> 12^0 ’141.0 78.0 Ijight hp»p the rup. 

0 44 90-f84 5 88.8 15,5 113.0 115,8 73U) SuniHcaKalyflitt} olMearedby deuNhate. 

0 58 1M)4’84.8 |5 ,84.8 17.5 111,0 108.9 74,0 Sun cut a very faint tbadow. 



90+84.8 

5 34.3 

2Udi 

104,0 

128.4 

74.6 

Sun not dear; faint baxe ovar. 

90+8S;i 

5 3.3.0 

81.5 

97.0 

132.7 

73.6 

Sun clear at interval!. ' 

904-86.3 

5 83.7 

lOS 

91.7 

118,6 

71.8 

Sun hid entirely by a liacy cloud. 

« 

Timrof 

making 

Wvtbn- 

tloni. 



. 


Theintemi^ ''tbe needle had been «o much 
reduced by having the rays concentrated on 
it in unie.BthHnpte widi thClMn,* that the 
time of vibration mw increaveil. 


904-86.3 3 .84.1 18.0 
904-83 5 .84,7 13.0 
90 + 85 5 39.H 15.0 


101,3 187.2 74.0 1 Sun obscured by a light ttaay clq^. 

lliji 188.7 74.0 Sun slightly obaeto^ by very 

117.0 132J 74.0 Sun idiglitly obacurld by vwy Ugbt baaa. 


130.0 

74.6 

Sun«bicurf^by light hate,. n( .y 

122JD 

74.0 

Sun obicuied by huy eloud. 

m 

78.2 

Sun obMured by cloud. 

soil 

7M 

Sun ebeeured by cloud. ! • ’ ' c « i . . 


From these observations it appears, that the diraiplititm in tiie Urinal aw- 
in all cases corresponded to .the intendty with i^h the ^ 

needle ; that this arc was in all cases increase a scre^ .beiiig intcpfififld, 
whether the screen entirely excluded the dii^ rays, at w|ien,th^.|4til^^ 
screen M'as interposed, or only partially, as in the ob- 

scured by haze or cloud, or the needle being covered with bluVi glass, . which 
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appeared to act simply as a screen ; and that the diminution in the terminal 
arc did not correspond to the heat imparted to the needle or the medium in 
which it vibrated, exceptini^ so far as this in some cases might correspond with 
the intensity of the sun's rays. 

In the follovdng observations I varied soinc of the circumstances : the iluy 
was mdst* favourable for them, the sky continuing c*loiullcs8 throughout, and 
the heat of the sun great, in the middle of the day into use. 


Jul^Wth. 

10 S 0O4-8Sj 15 41.0 l^.ii 7fji I i.'n.n 

10 96 00+86^15 41.0 905 77 A 169J> 

Kl 45 90 +86.3 .1 49.2 20J1 78.4 143J> 



10 56 90+805 5 404 12.8 

11 90 90+805 5 40.9 

11 aO 90+805.1 40Ji H.0 


97.7 146.0 

130.5 145Ui 

136Ji 1400 




1 

0 93 

90+87 



41.6 17.5 194.5 147.0 

49.6 91.0 101 X 1 149.0 

49.6 91 J} 96.0 159.0 

41.7 19 X 1 114.0 150.4 

41.7 13.0 190 X 1 151 .K 

49 JI 13.0 194.4 150.8 

404 13.0 199.0 150.7 

494 ^ 19 J 189.9 I 49 X) 

lias 190 + 85.515 49.6 7 » Hl^ 1 149 X 1 
41.9 5 A 156 jb 150.9 

1 ’ 5 I^ | 90 + 85 . 3|5 41.4 * 6 if lilOO 150.4 

4 ; — 

41.8 13 X 1 m .9 151.0 

93 .o|l/X» 194.0 149 X 1 

S .37 J 90+86 |5 48.8 W fllW "] 

189+86 |s 49 J 100 fllAS 145 X 1 

I 04 M+ 85 xi [5 41.4 11 ^ "l^To 

a 15 1 ^+ 84 . 6|3 41.4 13.3 | 1 SI 4 137 X 1 

9 OHh 80 i 5 49 A 5 A l 86 J.>ci 135 X 1 

.w+85 |5 48A a.8. ^ laoj 

jlMpLO 158 X 1 , 

49 X 1 as 189 X 1 193 X 1 

49.8 17.5 198 X 1 ' 19010 

44jiWj -isfco 

5 43.8 21 X 1 81 X 1 * 78 X 1 

5 43 ^ 91.8 


The Nky oloiidlciHi throughout Uie d.'ty, 
anil the beat of the sun wry great, in 
Uir midcUe of the day inU'iisi! 

( The full e 6 i>rt doc* not appear to have 
^ been prothicrd immodiatrly. 


C 'Hie full eflect doea niH appear to have 
t Ix-'en produced tuiniediately. 


9ufk / N.eadortlM needle vibratn, on thawnt tide, 
* OX/ \ tn the violet ran from the Iviu. 
vv n f I'b* violet ran niithcr fhnn the N. end oT Uie 
f*J> \ awdlp. 


7&9 I f The nyi on the bulb of the tlienno- 
|m«tar traBMnitted tliroo^ the blue ghw. 


f Therayi again atriking immediately 
»D tha buUk 

C Rayf of groateot intenaity on S. 4de 
I of comptuB-box. 

I Raya ,of greatert intanoity on ceptrt 


( llic full affect doci not appear to liavv 
4 been fnodoeed iimoptl^iy. 

* Tliia thevnHmieter bad now become 
shaded by » wall. 
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Although it appears from these observations, as from the preceding ones, 
that the diniinution of the terminal arc did not in all cases correspond to the 
t('iiiper«iture of the needle or of the medium, yet it depended essentially on the 
intensity of the rays in the space in which the needle vibrated ; the terminal 
arc being 3®.8 when the rays were most Concentrated, and 6®.5, 6®.8, 6?.8, 7° 
8®, and 8®.8 as their intensity was diminished. The results* obtained ikrith the 
coloured glasses appear to indicate that the red rays had a greater effect in 
diminishing the terminal arc than the blue ; for although the blue on the glass 
was very transparent, and the red far from being so, yet when the needle was 
sci'cened by the lilue glass, the terminal arc was 17®‘5, and when screened by 
the red 13®, the thermometer within the compass-box indicating nearly the 
same temperature in the two cases. The effect which I observed on throwing 
the violet rays, as separated by the lens, further from the end of the needle and 
tlicn bringing them nearer, altliough not very decided, favours the some con- 
clusion. No further effect than that of partially screening, appears to have 
heen produced by making one end of the needle vibrate in the blue rays while 
the other vibrated in the direct light of the sun. 

If we may conclude from these observations, that the red rays are those' 
which cause the diminution in the terminal arc, we might infer that the heat im- 
pai'ted to the needle or to the air was the cause of this diminution ; but the ex- 
periments themselves show that this was not the cose. However, to remove all 
doubt on this part of the subject, I determined to observe the terminal arcs with 
the different needles when their tem))erature and that of the medium in which 
they vibrated varied, and all other circumstances remained precisely the same. 

For tlie pui'pose of making these observations, I placed a graduated circle of 
paper in a shallow vessel of earthenware, 7.h inches in diameter, and 1*R inch 
deep, having a rim projecting 1.2 inch all round. This rim rested on the rim 
of another vessel of earthenware 9.4 inches in diameter, and 3.0 inches deep, 
and which contained hot or cold water, according to circumstances, so as to 
»^urround the upper vessel to its rim. The glass cover of the compass, having 
in its centre the glass tube carrying the wire of isuspension, was placed o<Ver 
the upper vessel, wliich thus supplied the place of a compass-box. The ^e^les 
were successively suspended within this vessel by the same wires and in the 
same atirraps os before; the magnetized needle by the very fine brass wire ; 
the glass, the copper, and the unmagnetized steel needle by the mtich thicker 
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wire, which caused them to vibrate in nearly the same time iis the magnetized 
needle. So that, as before, the needles and suspending wires were the only 
substances of metal used in the apparatus. . The upper vessel contained the 
small spirit thermometer which had before been placed in the coiiipass-box. 
The iyory scale rested upon pieces of cork, which prevented the contact of the 
bulb or locale with the bottom or sides of the vessel ; so that this therinonietcr 
indicated pretty aceumtely the temperature of the air vrithin the vessel in 
which the needle vibrated ; and likewise nearly that of the needle itself, by 
allowing some time to elapse, after making a considerable change in the tein- 
peratui'e, previously to commencing the observations. 

In making the observations, the under vessel was first filled with cold water, 
and the apparatus so adjusted that the jiccdle pointed to zero on the graduated 
circle when the wire was devoid of torsion. The needle was then made to 
vibrate until the arc on the western side of zero was as near to 90“ as I could 
obtain* j the time of its next passing zero was noted, and also the arc of vibra- 
tion on the other side. At the hundi-edth vibration, the time and the arc 
beyond zero were noted, as before. The state of the thermometer in the upper 
vessel was taken at the commencement and likewise at the conclusion of the 
observation, tlie mean being considered as the temperature of the needle ami 
of tlie air in which it vibrated. After thus making three observations, the 
upper vessel containing the needle was removed, the cold water contained in the 
lower one poui'cd out, that vessel heated and filled with boiling water, and the*, 
upper rvessel replaced and adjusted as before. Cloths steeped in boiling water 
were placed over the glass cover, for the double pui*pose of more rapidly heat- 
ing the air in the vessel in which the needle vibrated, and of preventing the 
deposition of dew on the under surface by condensation. When the tempera- 
ture of the air within the upper vessel liad nearly attained its maximum, obser- 
vations on the vibraUons of the needle were made as before. The lower vessel 
.was again filled with cold water, and the observations repeated. Tlie following 
t ftbl * contains two sets of observations with the magnetized steel needle ; in 
the first set, the plane of the needle having been somewhat inclined laterally 

• The magneti*^ needle'WM ini|de to vibrate by meaoi of a weak magnet held on the outaide of 
tho^boXf and tlie othir needlet by tmming the hadex to ^hich the upper part of the aittpeniUiig wire 
wae attaelsM, and! again brhi^ng that Index t6 aero. Aa I could have no perfbiathm either in the aide 
of die veiael oonlAiiung the lieedle, or in Urnglpae aover, I waa obliged to adopt thia method. 
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to tlie liorizoH, it was rendered horizontal previous to making the second, 
whirli is the reason that the terminal arcs in the first arc rather less than the 
(XH-responding ares in the second. 


■ 

Extent of 
lot Vibration. 

Timo of 
making 
100 Vibra. 
tiona. 

lOOthor 
Tanni- 
nal Arc. 

Inclosed 

Tliermo. 

meter. 

Termi- 
nal Ex- 
cess. 

Differ- 
enco of 
Tempe- 
ture.‘ 

Mai^netized Needle. 

90 

+ 88 

ni 

5 

55.0 

28.5 

62.0 



Weight as 197 grains. 

90 

+ 88 

5 

55.4 

28.75 

62.5 




90 

+ 88 

5 

55.1 

28.5 

63.0 



‘Means 

90 

+88 

5 

55.2 

28.6 

62.5 




90 

+ 89 

6 

01.8 

.34.5 

137.6 




89 

+ 87.5 

6 

02.2 

34.0 

139.0 




90 

+ 89 ' 

6 

00.8 

33.75 

137.5 



Means at High Temperature 

89.7 

+ 88.3 

6 

01.6 

.34.1 

1.38.0 

.5.05 

76.1 


90.fi 

+ 88 

5 

54.8 

29.5 

64.25 




90.5 

+ 88 

6 

54.7 

29.5 

62.5 



Means 

90.fi 

+ 88 

5 

54.75 

29.5 

6.3..37 

1 


Means at Lq,w Temperature 

90.25 + 88 

5 

55.0 

29.05 

62.9 

1 


Magnetized Needle. 

90 

+«9 

6 

55.2 

33.0 

50.0 



Weight ss 197 grains. 

89.5 

+ 89 

5 

55.2 

32.0 

50.0 




91 

+90 

5 

55.7 

32.0 

50.0 



Means 

90.2 

+ 89..3 

5 

55.4 

82.3 

50.0 

1 ■ 



90 

+90 

T 

01.8 

86.5 

124.5 




90 

+ 90.5 

6 

02.2 

37.0 

128.5 




90 

+ 89 

6 

01.5 

36.5 

126.0 



Means at High Temperature 

90 

+ 89.8 

6 

01.8 

36.7 

126.3 

4.1 

75.2 


91 

+90.4 

5 

66.4 

33.0 

53.6 




89.5 

+ 89 

5 

55.8 

32.75 

52.0 



Means.... 

90.25+89.75 

5 

56.1 

32.9 

52.75 



Means at Low Temperature 

90.2 

+ 89.6 

6 

65.7 

32.6 

51.1 


” 


Since, as might have been anticipated, it appears here that the effect upon } 
the terminal arc, produced by an increase of temperature, is decidedly the re- 
verse of that caused by the direct infiiience of the sun’s rays, it follows that 
the latter effect does not arise from on increase in the temperature of the needle 
or of the medium in which it is vibrated. That there might be no doubt on the 
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subject, I repeated the observations with the magnetized needle, and made cor- 
responding observations witli the other tlirce, the two steel needles having been 
previously rendered, as before, of the same weight as the others. In tlu‘se 
obsei-vations, contained in the following table, the extent of the are at the 
linndredth vibmtion was observed on both sides of zero, except with the 
copper needle. 


Needle vibrated. 

Eiteni of 
iRt Vibration. 

Magnetized Steel Needle. 
Weight = 252 ^ grains. 

90 

90 +88 

90 +88.5 

Means 

90 +88.a 


90 +88 

90 +88 

90 +88 

Means at High Temperature. 

90 +88 

• 

90.5 + 88.5 
90.5 + 88.5 
90.5+88 

Mcan 9 

90i^ + 88.3 

Means at Low Temperature. | 

90,3+88.3 

Uninagnetized Steel Needle. 
Weight = grains. 

90 +97 

90 +88 

90 +87 

Means 

90 +S7J) 


89 ^87 

90 +88 

90. + 87J( 

Meani^at High Temperature. 

89.7+87.8 


90 . 5+88 

90 +87.5 
.90 +87 

Meana 

, J90dl+87dl 

Meaua.M l^n^.Tenpenitiue* 




CLa-HUSJ 49.1 
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The effects here are not very different with the four heedles. The glass 
needle and the two steel needles presenting broader surfaces on their sides to 
the air's resistance than the copper needle^ it was to be expected that the ter- 
minal excess with these should be greater than with tliat needle ; and I am 
not aware of any circumstance^ except the shorter time during which the 
vibrations continued^ that should have rendered it less with the umnagnetized 
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Steel needle than with the other two. The principal fact, however, which I 
looked to ascertaining by these experiments was, whether the terminal excess 
was of the same character here when the temperature vi'as increased, as that 
prising from vibrating the needle successively in the shade and exposed to the 
sun, when an increase of temperature likewise took place ; and on this jKiint 
they were quite cbnclusivc, showing clearly, that if the terminal excess is con- 
sidered plus in the latter case, it will be minus in the former. It is evident 
then from all these results, that if the rays of the sun had simply, uniformly 
increased the temperature of the medium in which the needle vibrated, and of 
the needle itself, the effect would have been in all cases to increase the length 
of the terminal arc, instead of diminishing it, as was invariably the case when 
exposiire to the mys of the sun caused an increase of temperature. There can 
therefore be no doubt that the influence of the sun was not confiTu;d to uni- 
forndy heating the medium and the needle, but that, in all cases, other effects 
than would arise from this were produced, and that the influence upon the 
magnetized needle was very different from that upon either of the others. 

I next proposed to determine the effects that would be produced on the arcs 
of tibration by the heat of a fire. For this purpose 1 placed the apparatus 
before a strong .fire, at the distance of about two feet from the front, and six 
inches below the bottom of the iron grate containing it, and vibrated the mag- 
netized needle, and likewise the glws needle, when successively screened from, 
and exposed to its direct influence. The observations, which arc contained in 
the subjoined Table, show that the effect produced by exposure to the fire, 
though small, was to bring the needle sooner to rest, or that it was of the 
same character as that produced by exposure to the sun. I am not disposed 
to lay any stress upon the circumstance that the terminal excess was almost 
precisely the same in the two cases, but to attribute it to the small errors in 
the observations having accidentally so compensated each other as to produce 
this very close agreement. Indeed, if 1 could have detected such minute dif- 
ferences, the terminal excess ought to have been rather greater with the mag- 
netized than with the glass needle, since the intensity of the fire’s heat ap- 
peared to be greater with the former tlian with the latter. We may, how- 
ever, infer from these experiments, that if the intensity of the fire’e.heat hod 
been precisely the same with the two needle^ no sensible difference would 
have been observed in the effects produced on them. The observations were 

3 E 
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made in this order : The first three observations vnth the apparatus screened 
from the fire by a tliick board ; then immediately the four with the screen re- 
moved ; after wliieh it was replaced, and the other observations made. 



Needle vibrated screened 

Needle vibrated exposed 



Needle vihmtcd, 


from the Fire. 



to the Fire. 




Extent 

nfliit 

Vibration. 

Time of 
m.tkinK KXI 
Vibiatwms 

Extntor 
l(X)th Vibn. 
tion or Tor- 
mninl An*. 

Inrlnted 

Therm. 

Extent 
or Ist 
Vibration. 

Time of 
making lUO 
VlbrotW 

Extent of 
100th Vibrn. 
tioii or Ter. 
minal Arc. 

Inclotcd 

Therm. 

Tcrmi. 
oal ex- 

I'CH. 

III 

Maji^nctized Needle. 

0 o 
1)0+ 

in h 
fi 48.2 

aS +34.5 

5!.0 







Wei};lil S.'iai grains. 

1H)+Wp 
1)0 \ K!) 

ri 48.4 

& 48.i 

34J)+31.3 
31.5 1 34.3 

51J> 

52.0 

90+ sS 

m fi 

5 48.8 

3l!3+3f 





90+H9 

49.2 

34.5 f 31 

»1.0 

90+89 

5 49.8 

:i3A+a4 

76.0 




U0+«HJi 

5 48.8 

34.5+34.2 

76.5 

90+88ii 

5 50.4 

33A+34.2 

83.0 




‘J0+8U.,'> 

5 48.7 

35 +34.5 

67.0 

90+89 

5 50.6 

:t3.8+34 

90.0 



Means... 

9()+H8.9 

5 48.G 

34.7+34.3 

6.3.7 

90+88.0 

5 49.9 

33.8+34 

76.4 

0S7 

12.8 

Glass Neeclle. 

!)0+tn 

5 .00.8 

25 +25A 

58.0 







Weight — groins. 

[)0-fH5 

5 57.2 

25.2 +25.8 

58.25 

90+84 

5 58.0 

24 +85A 

62.5 




IH)+H4 

5 57.3 

23 +23A 

58.75 


5 58.4 

24 +25«3 





90+84 

6 67.8- 

25 +25.3 

74A 


5 58.6 

24.2+25-3 

75.0 




1M)+81 

5 57.5 

25 +25.3 

71.5 

90+86 

5 58.6 

24.2+25 

77.0 




»0-|-HI.2j 

5 57.3 

25 4 25Ji 

64.25 

90+84.9 

5 58.4 

24.1 +25-3 

71.1 

0.56 

5.9 


From all tlie expenmeuts which 1 have described, there can, I think, be no 
doubt that the rjiys of the sun have a peculiar influence on a magnetized needle, 
which causes, when such a needle is exposed to them, a greater diminiition in 
its arcs of vibration than in those of any other needle under like circumstances ; 
and that this ctfect is independent of the heat imparted to the needle or to the 
medium in which it vibrates. Tliat part of the cfiect which is produced on all 
needles may perhaps be caused in this manner : as the air directly below tlie 
needle is* in the shade, and therefore colder than that above it, a current of air 
will pass the edges of the needle, which may considerably increase the resistance 
imd consecpicntly diminish the terminal arc ; and this may possibly account for 
th(^ full eflect not taking place immediately, since these currents would not be 
excited in full force immediately on exposing the needle to the sun, nor on 
screening it would they iinracdiatcly subside*. Had this, however, been.the 

* If this IS the cause of the terminal excess with thenon-magnctic needles, this excess would nearly 
vanish if a wire frame of the same form as the needles were successively vibrated in the shade and 
i>xposcd to tlie inllucncc of the sun, since in this case there would be little shadow below the needle. 
This experiment 1 proposed makint;, hut have not yet liad an opportunity. 
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only cause of the terminal excess with the magnetized needle as well as with 
the others, this excess would have been nearly the same for all, or it would 
only.havc differed according to the thickness of tlie needle. Tlie terminal 
excess ought in this case to have been nearly the same for the glass, the un- 
magnetized steel and the magnetized steel needles, and less for the copper than 
for eithei* of these.* This accords, in some measure, with tlie experipiental results 
which I obtained with the copper needle, the glass needle, and the umnagnetized 
steel needle ; but as the effect on the last was only about four-sevenths of that 
on the magnetized steel needle, we must, for part of the effect upon this needle, 
look to causes distinct from that which produced the effect on the others. 

It is extremely difficult to point out imy principle to which this cdfect upon 
the magnetized needle can be rcferml. Arc we to infer from these experiments 
that light and magnetism have relative density, although the density of either 
is evanescent with regard to that of the rarest gas ; and that therefore light 
may offer a sensible resistance to magnetic paiticles in their passage through 
it, and consequently* also to the bodies with which they are united ? That light 
is of such extreme tenuity as to offer no resistance to the passage of the rarest 
gasj-— of which, however, wc have no proof, — cannot be adduced as an argu- 
ment against such an inference. Or, is it possible that the effect may be pro- 
duced in a manner similar to that on needles vibrating within metallic rings 
If this be the case, we must suppose that the rays become magnetic by in- 
duction, in their passage by the needle, and that their maximum of magnetism 
not being developed until after they have passed it, the most magnetic rays 
will always be in the rear of the needle, and by their attraction impede its 
progi*ess. If the effect is produced in this manner, we might expect, when u 
strong magnet is brought near to a ray of light tmnsmitted through a small 
opening into a dark room, that the my would be inflected. I have not had an 
opportunity of making this experiment in a conclusive manner, but in the trials 
which I have made I have observed no such effect. 

In the conclusion of iny former paper I stated, that as magnetic influence in 
the compound solar rays was indicated by the effects which I had described, 
this would tend to remove the doubts which had been entertained respecting 
the results obtained by Morichini, by means of the violet rays ; and Mrs. So- 
merville's, paper, read almost immediately after mine, describing the effects 

3b2 
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which tiiat lady had observed to be produced under difierent circumstances by 
the more refranjpble rays, appeared completely to verify Morichini’s results, 
and to corroborate my opinion. Although the experiments of Mrs. Somerville 
have, on repetition, in many instances Med, wc cannot, seeing the precautions 
that were taken, suppose that the effects described were due to other causes 
than the influence of the rays, but must rather infer that we arc not Uwiire of 
all the circiunstanccs which may interfere with the suqccss of the experiment. 
It cannot, however, be denied that the subject is at present involved in much 
mystciy; and it is therefore very desirable that the circumstances on which the 
success of Mrs. Somerville’s experiment depends should Be clearly ascertained, 
and that the effects which I have invariably found to be produced by the eom- 
[>ound rays should be traced to some known principle of action. I had pro- 
posed to myself to make several series of observations with the view of obtaining 
comparative results with different azimuths of the sun, at different seasons of 
t he year, and likewise with the horizontal needle and the dipping needle vibrated 
both in the meridian and at right angles to it ; and also* to determine, with 
some degree of precision, the effects produced by the several separated rays 
under different circumstances. But in the experiments which I have already ' 
made, I have met with so many and such vexatious interruptions, arising prin- 
cipally from the uncertainty of our climate, and partly from my not always 
being able to avail myself of a favourable state of the weather, that seeing no 
prospect of snrcecding in experiments requiring continued clear weather and 
iminterniptcd leisure, I must leave them to be made by those who may be 
placed under more favourable circumstances, and be content to prosecute the 
inquiiy by making such experiments as intervals of leisure, which I may have 
during fine weather, will allow. 


Royal Military Academy, 
2nd June, 1828. 


S. H. Christie. 
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R. 

Refraction {lateral almos}dicric). Instances of its occurrence, 197. 

Resistance of fluids to bodies passing through them ; Mr. Walker’s experiments thereon, 
15 et seq, 

— . to the vibration of a magnetic needle, (or to one of glass or copper,) increased by 

exposure to the sun’s rays, 379 ct seq, 

’ llnrHiE (William, Esq. F.11.8.). Experiments and observations on electric conduction, 
373 et seq, 

S. 

Sabine (Captain). His experiments on the ratio of tlie magnetic force in Paris and in 
London, 1 et seq, 

On the difference of the length of the seconds pendulum in London and in Paris, 

35 et seq. 

Sex, Inferences that sex is not given to the eggs of birds, or to Uic spawn of fishes or in- 
sects, at any very early period of theil growth, 321 ct seq. 

Solar Tables (Delambre’s). Corrections tlicreof required by the Greenwich observations, 
23 et seq, 

Sound, Dr. Moll’s remarks on Captain Parry and Lieut Foster’s experiments on the 
velocity of sound, 97 et seq, 

■■ - Influence of the aqueous vapour in the atmosphere on tlie velocity of sound com- 
puted, 101. • 

Sulphuric acid. On the mutual action of alcohol and sulphuric acid, 365 et seq. 

T. 

Telescopes. Mr. Barlow’s experiments on the construction of achromatic telescopes with 
fluid concave lenses, 105^/5^^. 
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Vesuvius. Eruptions in 1814, 1815, 1819, and 1820, observed by Sir Humphry Davy. 
242 ct seq. 

Vokrtiioes. Sir HUMPHRY Davy OH the pbaenomcna of, 241 et seq. 

W. 

W ALKEii (James, Esq. F.R.S.). On the resistance of fluids to bodies passing through tliein. 
1 5 el seq. 
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phiques. 4to. 
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Mean Mean Mean Mean Mean Mean Mean Mean Mean Sum 

29.847 37.3 29.824 38.6 26.3 AIA 37.0 .'JU im 1.080 | 

~7! f9A.M. 

Monthly Mean of the Barometer, corrected for Capillarity and reduced to 32 Puhr 29.H:i7 


ODSERVANDA. 


Height Of the Cifttem of die Barometer abore a Fixed Mark on Waterloo Bridge 

above the mean level of the Sea (preaumed about) , 

The External Tbermometcr ii 2 feet hi^er tbp ilia Barometer Clutem. 

Height of the Receiver of the Hain Gauge above the Court of Somenwt Houk 

The houn of obaorvation are of Mean Time, the day beginning at Midnight. 

Hie Thormometen are graduated by Fahrenheit’s Scale. 

The Barometer is divided into inches and decimals. 


.83 feet 2i in. 
.93 fceL 
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I February. Them! 


Extemal Th«nnoiMter. 

Rain, in Direction 

Fahranhoit. Self-rctlitaring. ttSSoir Wind at 
9 A.M. I S P.M. LowMtlHiibNt. 


2d.741 44.0 

mOI 42.1 
30.470 37.5 

30.537 37.8 
30.429 38.2 

30.207 38.1 

30.402 39.7 
30.449 37.2 
30.303 30.1 
30.057 30.2 

29.708 35.0 

29.883 38.0 

30.151 38.7 

29.978 38.2 

29.947 38.8 

30.101 35.1 

29.888 33.2 

30.045 31.9 

29.792 81.1 
29.815 30.8 

29/>50 35.0 

29.944 .30.8 

29.998 37;) 

29.912 ' 37-3 
;)0.I28 07.3 
29.744 40.1 

20.520 47.8 

29Ji08 40.0 


39.9 42.5 

36.0 88.1 

28.0 33.7 

28.3 30.8 

32.8 36.9 

27.9 40.0 

38.0 39.2 

29.3 34.3 

28J 33.8 

27.7 34.8 

30.0 85.0 

30.9 38.0 

31.2 37.8 

27.2 39.2 

31.1 35.8 

23.2 29.9 

19.0 30.2 

19.0 28.2 

23.1 27.3 

20.9 35.0 

30.0 .30.8 

31.3 37.0 

23.2 38J» 

28-3 39.0 

24.8 .39.0 

32.9 50.0 

46.0 52.5 
37,7 50.0 


Mean 

Mean 

Mean 

Mean 

Mean 

Alcan 

Mean 

Mean 

Mosul 

.30.028 

.35J 

30.(MI9 

37.7 

29.3 

32.2 

36.9 

29.3 

37.5 


SE Ormait and foggy. 

ESE I’A.M. Hne— Jighthaio. P.M Cloudy 

I -brl*k wind. 

NNWvar Flnc-ehmdy-brtek wind. 

N Overcait and haiy. 

NE A.M. Cloudy. P.M. Fine— light i-loudA. 

N Cloudy and ha/y, 

N Fine ami dear— nearly doudle'ik. 

NNE Very fine— nearly cloudlesfi. 

N N E Fine and doudhi^light haze. 

NNE Fine— light haze. 

NE Ovcrcait and foggy. 

N Cloudy and foggy. 


SW Oloudy and hazy. 

N Fine-olouily— bnzk wind. 

ESE Hunt haze. P.M. Cloudy 

SSW { ^ M Ifiin? 

ESE P.M. Cloudy— briiik 

ENE Chmdy and hazy. 

N Overcait and hazy, 

K Cloudy and hazy. 

Fine and dear— neatly doudJeti. 
WSW Fine-ctoudy^hazy. 

WSW Qoudy 


t boiatemui wind in the night. 


Monthly Muan of tlie Barometer, corrected for Capillarity and reduced to 32® Fnlir. 


OBSERVANDA. 

Height of the Cistern of die Barometer aboYe a Filed Mark on Waterloo Bridge « 83 feet 2} in. 

above the mean level of the Sea (presumed about) »96 feet. 

ITie external Tliermomcter is 2 feet higher tlian die Barometer Ciatern. 

lli'ight of the Receiver of die Rain Gauge above die Court of Sogumet House «73 fe^ 9 in. 

'Jlic hours of observation are of Mean Time, the day bcginiung at Midiiiglit. 

Tilt’ niemiometers are graduated by Fahrenheit's Scale. . 

Tlic Barometer ii divided into inches and decimals. 
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9 o'clock, A.M. 3 o'clock, l‘.M. 


March. Ba™™- JE,!:; Barom. ^ErS; 


TVw Gxtcfnal Thermamctcr. 

. Ptiintal! 

9A.M I~r7 T". 

I. indc. FahrfiilicU. Solf.rpgMrriiiK 

. frciwof 

Ijlir. »A.M SP.M. I/iwwt. Hlglini 


41) 50,0 51. K 4K.1 .'ll, 8 

17 47.0 41.7 4n.8 17.0 

45 45.0 40.8 .18.5 48.0 

4« 40.2 47.K 42.7 47.8 

:UI 30.9 43.9 32.0 47.9 

40 48.1 47.5 42.8 48.5 

41 41.2 48.5 37.9 48.8 

40 46.9 48.9 4.1.0 48.9 

32 37.5 41.0 .13..1 41.0 

:{3 36.8 4.1.0 31.2 5O.0 

47 50.0 53.8 38.0 .’i.1.8 

47 48.3 54.0 46.2 51.0 

48 49.3 54.8 45.7 55.0 

40 47.3 49.9 44.5 49.9 

42 41.8 45.6 41.4* 45.0 

30 39.8 46.9 31.5 46.9' 

14 46.2 45.9 42.1 46.2 

.12 38.7 4.1.0 31.1 43.0 

30 .18.7 44.0 32.2 46.7 

40 47.0 52.6 41.4 52.6 

47 50.0 52.5 47.H 52.5 

48 49.2 57.2 46.1 57.2 

50 52.2 57.2 44.6 57.6 

50 .10.3 55.2 44.1 55.8 

49 49.5 50.2 44.3 50.2 

.K) .19.7 46.8 .'13.9 46.8 

40 44.9 49.3 36.3 49.3 

.18 48.6 52.2 40.0 52.2 

38 44.8 47.2 38.4 47.6 

39 42.0 15.4 35.2 47.1 


Rain, 111 Diractiuii 
Inrhcti cif ihr 
IlcmInfH Wind at 
atilA.M. UA.M 


' Hiic«-<lniidy-4tTonK wind, 
r I A M Heavy rain and iMiUtcrum « nid 
1 P M l'iiic-~iixht < hnidi. 
noud)— brink wind. 

Finiwlmnlv. S(n«K«in(l 
' A M. noudy-..1lKlitaliid PM rnic.l 
j 1 P.M Fine and clear Molciit khIci 
I with iliuwcn duriii). 1 he day. 

Fine and clouiUew-diriNk wind 
ir. I'lbudi— viuleiii wind. 

't Llglilly iiveri'jat 

ClnudlcM and very flnc>dight bitcic, 

( liHidy— brink wind 
>1iiiw-itght hale 

[breexe 

T>l«Mlvlng (loudi— iliglil fiigohitlil 
' Fine and clftir. 

' r A M. OrniMKi and fligiv. P.M. Fine 
l and I liwr.-liglil wind. 

F'liic'^dightly oven'akt 

r. Cloud). ' 

r. l''lno«.cloud)— brltk wind. 

nAudy-.aUght haac. 

Overcoat and foggy. 

Ovcrcait and foggy. 

[hnxe 

A M. (Imidy. P.M. Very flne^liglit 
Flno.»nparl> iluiidlcni— llglii wind 
Jlniwloudv 
Cloudy 

Finvwlightly o\crra«l 
Cloud)— light ihnwcTi. 

FlDc*K.loudy. VkdehtgaUi 
r A M. Fine ami clear P M Clondv 
I —briak wind. 

Ovenwat— brwk wind— eliowcrv 


Montlilj MeMi of the Barometer, corrected for Capillarity and raducetl to 32° Kalir. 


19 A.M. 

3 P.M. 

} 29.668 

20.655 


OBSERVANDA. 


IleightVthe Ciatem of the Barometer aboro a Filed Marie on IVaterloo Bridge 


The External Thermometer It 2 feet higher thpi the Barometer Ciatem. 


Height of Ute Receiver of the Rain Gauge above tbe Court of Someract Houae 

The houra of obaervation are of Mean Time, the day beginning at Midnfglit. 

Tba Tbermometeii are graduated by Falirenheit’a Scale. 

The Baiometer h divided into inchet and deciroali. 
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£xtcrtutl Thertaumoter. 


riS.c 

61.1 

J(U54 A».2 

su.'i 

:)».!)90 59.7 
99.858 58.5 

29.887 58.2 

29.788 56.0 

;10.128 56.6 

»0.1 i;] 56.1 

;i0.051 57.0 

;i0.055 56.1 

:iO.U07 54.8 

29.819 51.6 

29.700 53.5 

29.613 51.8 

29J»32 50.8 

29.720 48.2 


30.187 49.6 

30.265 52.9 


:i0.027 60.1 

:io.o52 6i.:i 


43.6 46.3 

48.2 55.8 


51.2 60.9 

60.0 (51.6 


53jJ 57.1 
53.0 61.2 


51.2 51.9 

47.2 56.7 

49.1 57.0 

5U 54.7 
48.H 52.0 

46.3 50.8 

41.4 46.8 

47.4 52.0 

42.0 49.3 

I 46.8 49.2 
I 43.8 44.0 


40.0 48.0 

44.7 55J) 

17.8 51.9 

45.2 57.3 

48.1 61.4 

51.1 65.0 

49.6 60.4 

47.8 57JJ 

46.9 61.9 

46.2 56.7 

46J2 56.4 

4.iji 52JJ 

41.1 56.8 

41.8 57..3 
4njl 55.0 

45.8 52.4 

41.2 51.4 

41.2 47.4 

44;i 52.2 

39.K 49.K 

43.7 494) 
4U 44.0 

37.2 43.7 

;K.1 46JJ 
33.5 51.0 

.’k'l.l 53.1 

32.8 57.0 

41.8 63.0 

46.7 0741 


Omca4t«>lt|iht fiig. Sliowory. 
Cloudy and ibfuty. 

OvoicaHt and I'oKKir- 
CloudyoIlRlil hroese. 

Very flne and rloar^lght breeze. 
Fine— fleecy clDudf.<-li£ht breeze. 
Fine— light clouds. 

Fine-cloudy. 

fVery flne and clear— thin douds— 
t light wind. 

Cloudy. 

Cloudy. 

Cloudy-ahovery. 

Fine-cloudy. 

Very flne-Hght cloudi. 

Cloudy. 

Cloudy. 

UiOwering. At Sh .“iOm ]».M. heavy 
1. ram, with hail. 

Ovorcant and fliygy— ihowcry. 


OvcrraseHihoweiT. 
Overcast— brisk wind, 
liowering. 

Cloudy— showery. 

Fine and clear— light clouds. 
Fine and clear— light clouiii. 


Fine and cloar—llght doudi. 


Mean Mean I Mean Mean I Mean Mean Mean Mean Mean Sum 
2!).9SI 52.4 i 29.962 51.7 I 45.0 4941 54.7 434) 554) 04)41 


Monthly Mean of the Harometcr, coiTcrtcd fur Capillarity and ruduevd to 32*^ Fabr. . 


C9A.M. SP.M.i 

i 29.933 29.{K)8 I 


OBSFJl VANDA. 

Height of the CUtern of tin* naroTni-UT alwvo a Fixed Mark on Waterloo Qridgc 83 feet 2^ in. 

above die mean lovvl of tlie Sea (preaumod about) ^95 feat 

Tlio External Thermometer Is 2 tbet higlier dian the Bnrometer Ciatem. 

lli'iglit of the Rm’iver of the Iluin Guugc above die Court of Somerset Houm •■79 fee* 0 iu- 

Ibo tiouni of oltaervation are of Mean Time, the day beginning at Midnight. 

Tlic Tberiiiometurh on.> graduated liy Fnhrcnhcit'a Scale. 

The Biitomcler is disideil into inrhes and decimals. 
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0 o'clofl 

, A.M. 

1 3 uVIurl 

,P.M. 

1 Dew 

1 Extinuil Thi'nnomrtcr. 

! 

1 


1S27. 

May, 



1 


iPnlnt A 








naritm. 

Allarh 

Therm 

Ramm. 

Attach 

Thena 

n A.M. 
I Hide. 
iBiwut 

j I'dhrcniH’lt. 

1 Mi‘lt-rrgliiti*riii|;. 

'iiiflii-n ' nil he 
iiir) Wliiil .It 

!>AM. 

Ui-iiiniks. 






j Fiihr. 

9 A.M 

3 RM. 

'Idnrca 

!liKlii-«t I 



d 1 

39.9.13 

63.1 

30.933 

66.5 

.16 

62.1 

69.2 

.16.1 

69.8 

1 

w.sw 

I'tnc—i-hniil), 

9 2 

:t<i.93C 

59.8 

•295)88 

61.8 

51 

51.2 

60.8 

59.9 

62.6 

1 

1 

SK 

run-— li^ht tuul. 

V 3 

29.953. 

64.0 

29.913 

6.1.5 

56 

60.7 

67J) 

51.9 

68.8 


WSW 

l1iii>->hKht clouils. 

? 4 

29.99C 

63.0 

29.831 

6,1.1 

54 

57.9 

64.2 

59.7 

61.9 


NW 

Uouil> 

h 6 

20.678 

69.9 

29.62.1 

61.2 

.1.1 

55.!» 

56.0 

51.8 

.16.0 


.s 

IdIWITIIIff-H’lllll 

O fi 

2U.;M12 

59.3 

29.172 

69.9 

S 1 

OlA 

55.9 

53J) 

.16.8 


S.SW 

Ui vrruht— nhiivi cry. 

3) 7 

29.667 

56.2 

29.689 

58.1 

41 

49;i 

53.2 

44.9 

53.1 


N 

Cliiuil) . 

d 8 

29.869 

53.8 

29.869 

52.8 

38 

47.H 

48.6 

37.8 

19.1 


N 

Clouil). 

9 9 

29.829 

49.8 

29.792 

52.8 

45 

46.2 

50.7 

49.2 

52.8 

0.9.19 

£NK 

Ovi.‘rr.i<il.-tlKiit Inff. 

n 10 

29.797 

55.6 

29.76.') 

56.8 

It 

52.9 

51.8 

42.2 

55.2 


]•: 

C'lciiiily. 

O ? 11 

29.892 

5.1.3 

29.817 

67.9 

41 

52.9 

56.8 

ll.l 

.17.8 


NNE 

IJKhtly iivcrraHt 

h 12 

39.126 

57.6 

39.99.1 

56.8 

41 

5U 

53.2 

49.7 

53.3 


NK 

Hue— iK'Rtly 1 liitnllcv. 

G13 

29.982 

56.2 

29.882 

56.3 

49 

53.9 

58.9 

39.2 

58.;i 


E 

I'liic— iirarly i Iniulli nh— lli;ht wiiiil 

I) 11 

29.832 

59.7 

29.812 

53.6 

.19 

49.9 

.19.9 

45.8 

19.9 


N 

OmcaKt und lonity. 

d 15 

29.776 

62.7 

29.758 

56.2 

49 

49.7 

57.6 

47.1 

69.9 


WSW 

luiidy 

$ 1C 

2!I.j80 

29..194 

57.3 

29.458 

60.H 

61.1 

.13 

59..1 

61.3 

46.1 

61. h' 


KME 

l/iHirihit— un->tijati> wliiil. 

1 l/mrriii 4 At“li "(p)ii I’.M, Ihlillili'r 

V 17 

61.8 

29.61 1 

55 

60.2 

03..1 

49.1 

61.8 


ESK 

4 and liKlittiiiiir, Will) luMvv r.iiii und 











C vlitli'iii ii| mild. 

? 18 

29.658 

60.9 

29.751 

63.7 

57 

57.H 

65.6 

53.9 

G6.2 


SSW 

Fine— 4 kiiitly. 

h 19 

29.!^0 

63J 

29.089 

61.2 

55 

62.1 

65.6 

51J1 

67.6 


NW 

riiu<-clmidy. 

0’2» 

>ifil.989 

66.2 

30.961 

61.2 

57 

05.7 

68.8 

52.1 

69.1 


SSW 

F>iii>— light olinidi. 

]) 21 

39.1.17 

60.2 

39.151 

67.8 

67 

64.9 

7L3 

51.8 

73.8 


K 

Fine— neatly dinidkvii. 

d 22 

.39.137 

63.8 

39.981 

65.0 

69 

G1.7 

62.1 

53.2 

04.2 

0.062 

WSW 

Ujwrriiig. . 

5 23 

39.922 

65.2 

29.8ai 

66.1 

58 

62J 

65.3 

54.1 

i 06.1 


W.SW 

A.M. Fine. P.M. Overroit. 

V 24 

29.129 

61.5 

29JI71 

62.2 

54 

57.5 

5tUl 

511.1 

59.2 


W 

Cluiiil)— light hare. 

• ¥ 2.1 

29;i75 

59.0 

29;i71 

62..1 

52 

52.4 

55J) 

45.1 

59.2 


WSW 

Cliwdy— kbuwery. 

h 2C 

29.460 

62.1 

28.486 

63.2 

5.3 

55.9 

(K).U 

48.4 

62.6 


ssw 

Cloudy. 

G27 

29.611 

03.9 

29.626 

61.8 

47 

61.2 

63J 

49.1 

65.2 


KSW 

Fine— )tri«k wind. Sliuwrry. 

2>28 

29.731 

61.7 

28.806 

63.0 

58 

00.9 

83.7 

5U 

64;i 


sw 

(louily. 

d2 

29.794 

63.8 

29.806 

65.0 

58 

62.5 

60.7 

56.2 

61.3 

9.156 

SKW 

C I'Iniiilv. llrnvr Rhowen, and itnrtig 

1 lioliiteroila wind. 

9 30 

29.91H 

66.3 

29.879 

67.0 

50 

03.5 

06.8 

52.1 

67.1 


H.SW 

Fine— light breere. 

14 31 

29.726 

67.6 

29.745 

65.8 

58 

64.3 

04.7 

57.1 

65.1 


SW 

^Flnejiiid rlrar— light rloudf. Ntroiig 


Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Sum 




29.801 

60.3 

29.779 

61.5 

51.8 

50.9 

09.4 

49.1 

61.0 

9.268 




Monthly Mean of the Barometer, corrected for Capillaii^ and reduced to 32*’ Falir, 


p A.M. 
> 29.732 


3 1*.M. ) 
29.7<W J 


OBSERVANDA. 

Heiglit of the CiMem of the Benmietiir abo?e a Filed Mark on Waterloo Bridge '»83 feet 2§ in. 

above die mean level of the Sea (preaumed about) feet 

The External Thermomoter it S fetc higber than die Barometer Ciatem. 

Hdgbl of the Ueedver of the Rain Gaoge ahOve the Comtof Somenet Route •■79 feet 0 in. 

The houn of obicrvation are of Mean Time, the day beginniag at Midnight. 

The Themtometeri are graduated by FahrenbeiVa Scale. 

The Banmicterii divided hue inchea and dedmaia. 
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? 1 

29.713 

92.1 

20.750 

65.2 

56 

55.0 

644) 

5U 

64.0 


SSW 

h 2 

29.997 

91.8 

29.628 

01.9 

55 

65.7 

60.8 

5141 

6142 


SE 

0 3 

29.895 

GO.-! 

29.889 

95.2 

47 

60.2 

64.0 

46.3 

66.1 


NNE, 

ii 4 

29.959 

98.3 

29.047 

64.2 

44 

90.9 

03.8 

48.7 

6441 

0J13 

NW 

J 5 

29.871 

95.8 

29.687 

92.8 

40 

50-3 

64.2 

62.6 

5041 


SSW 

5 0 

29.991 

90.9 

29.757 

GI.2 

10 

58.0 

58.0 

47.C 

50.8 


NNW 

V- 7 

30.007 

99.4 

30.028 

62.2 

41 

58.2 

61.2 

47.0 

62.0 


NNW 

? H 

30.247 

93.8 

30.261 

63.1 

40 

55.2 

6341 

47.2 

65.9 


8 

Oh** 

.10JI93 

95 8 



51 







OlO 

30.3.39 

91.2 

30.277 

97.9 

58 

90-3 

70.0 

53.1 

70.8 


NNE 

11 

.30.23.3 

72.2 

30.178 

70-3 

51 

65.9 

71.8 

504) 

734) 


NE 

J 12 

.30.175 

73.9 

30.151 

70.8 

57 

94.8 

724) 

48-3 

73.0 


NNE 

13 

.30.139 

97.8 

30.071 

97.9 

50 

63.9 

70.0 

51.6 

70.6 


NNE 

Vll 

29.912 

95.0 

29.86.3 

09.1 

(Kl 

66.9 

7U) 

51.8 

74.5 


E8E 

? 1.* 

29.772 

65.0 

29.771 

99.6 

91 

61.2 

64.0 

5741 

67.0 


£ 

h Ki 

29.7.31^ 

99.1 

29.758 

97.9 

91 

614} 

64.0 

58.9 

68.7 


SSW 

017 

29.898 

67.9 

29.871 

71.0 

62 

6741 

73-3 

57.8 

75.6 


WSW 

yt IH 

.30.003 

69J 

29.990 

70.2 

92 

65-3 

66.8 

504) 

684) 


SSW 


29.985 

73.H 

29.021 

70.8 

54 

67.0 

66.8 

554} 

67.7 


SW 

9 20 

29.899 

68;t 

20.874 

08.3 

40 

62.8 

67.0 

54-3 

6842 


NW 

1^21 

29.941 

71.9 

29.011 

65.5 

46 

65.0 

62.3 

4041 

65.0 


SSW 

7 22 

.30.093 

G8.2 

30.065 

(ki.9 

40 

62.8 

63.8 

48.2 

654) 


w 

h 23 

3o.i;m; 

92.3 

30.137 

96.2 

49 

50.7 

68.9 

53.0 

1 644) 


E var. 

• 021 

30.1,39 

98.0 

30.127 

96.7 

48 

62.8 

98.2 

48.7 

' 69.0 


N var. 

2.’) 

.30.1.39 

93.8 

30.098 

95.8 

55 

SU 

63.2 

66.0 

6641 


ESE 

J20 

30.090 

98.2 

30.090 

97.8 

47 

65.0 

71,2 

534) 

72.8 


WSW 

7 27 

29.999 

69.0 

20.909 

6H.8 

58 

654) 

65.2 

67.0 

66.5 


SW 

lj.2H 

29.995 

91.2 

29.700 

99.2 

50 

60.9 

92.8 

50.2 

66.0 


SSW 

7 29 

29.991 

95.8 

29.737 

98,9 

93 

61.9 

68.8 

50.2 

70.2 

0.053 

SW 

h30 

29.8.39 

97.8 

29.864 

98,2 

57 

95.8 

90.8 

57.5 

m 


S 


Mean 

Mean 

Mean 

Mean 

Mean 

Menu 

Mean 

Mean 

Mean 

Sum 



29.971 

99.7 

29.942 

69.8 

53.2 

62.2 

65.8 

52.8 

6741 

0i68 



CA.M. BaiiH-^iitcroiu wind. P.M. 
I Fine— rloiuly. 

OvercMt-ehoweiy. 

FIm and dear-doudf. 

Fine and dear-light clouda. 
Oveicait— flhoweiy— tMtdi wind. 
Ftne-cloudy— bruk wind. 

Fine— cloudy. 

Fine— light clouds. 

Fine— Ilf ht clouda. 
rioudy. 

Fine and clear— brisk wind. 

Fine and dear— gentle wind. 

Clear and cloudirse-brisk wind. 
Flne-vloudy— light breeic. 
aoliily— light breese. 

Overcast— gentle wind. 

Flne-rloudy. 

Dark and overcast. 

r A.M. Fiiie-ncariy doudlw. F.M. 

[ Cloudy. 

Fine— light clouds. . 

[ wl'*^ flne-4ight clouds— 

Fino-doud]Might wind. 

Fine— doudy-Jight wind. 

F1n»-llght clouds. 

Lowering. 

Fln^llght clouds. 

[ j"*"”****®*’*"* eloudi— brisk 

Lowering-brisk wind. Kaln. 

A.M. Cloudy. P.M. Fine. 


Monthly Moan of tho Baroinclcr, corrected for Capillarity and reduced to 39^ Felur. | 



0 A.M. 

3 P.M. 

29.880 

29.857 


OSSERVANDA. 

Height of tJic Cistern of iho Barometer above a Fixed Mark on WoterlM Bridge ■ 89 feet >1 in. 

above the mean level of the See (presumed about) aSS Aet. 

'I1ic External llicrinoinctcr is 2 feet higher than the Barometer Cistern. 

IJuiglit of the Receiver of the Rain Gauge above die Court of Somerset House -i79 feet 0 in. 

llic hours of observation arc of Mean Time, the day begumiog at Midnight. 

Tho llicnnomcters are graduated by Falirenbeit's Scale. 

Tho Barometer is divided into inches and decimals. 
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MontUj Moa of Um Baromettr, oorraetad for Copilbiitj and roducad to 38^ Fabr. 


OBSERVANDA. 


Ha^lil of the CiAam of the Deidnmir dbore aTlicd Mark on Wafcrioo Brldjp 

— Jhoea the mmti leeri of the Sea (pienimed abont) . 

The Ektanal Thennometcr is S feet higher thad thi^aroidelMr Cfotom. 

Hai^oftheBacaifaroftheBaiiiOaUliadbofetbbCoortofSoiiietiBClToaaei 

The hours of obsereation are of Mean Ttasii 'Aa daj bq^hndiig at Midnij^ 

The Tbennoiiioteit are graduated by Fahrenbeit's Scale. 

The Barometer is Prided Into Inches and dedmala. 


. •RSfeettiio. 
. -95 feet. 


MOCCCXXVIIL 
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METEOBOLOGICAl. JOUBNAE FOB AUGUST, 1827. 


'I o'r1o<'k, A M 

mr. — 

. Ti AHjicI 

A 


3 o'clock P.M. 

liiirum. 

Attach. 

Therm. 

:<(».I95 

72.3 

29.841 

71J1 

29.718 

72.7 

29.807 

72.2 

30.1 .)2 

71.5 

30JU:) 

67-1 

30.259 

67.9 

30.1(N) 

66.8 

29.992 

67.7 

29.600 

70.2 

29.587 

6fi.K 

29.808 

65.7 

29.927 

65.8 

29.615 

68.6 

29.1.‘i3 

69/i 

29.196 

68.1 

29.8.17 

68.7 

30.039 

68.0 

30.032 

66.1 

30.058 

ai.i 

30.09.') 

66.6 

30J11 

62.7 

30-16:1 

0.-).2 

30,211 

66.0 

30,178 

61.7 

30.182 

60.'J 

30-11.1 

62.7 

.10-110 

65.3 

30.101 

62-1 

30.221 

63.1 

.10-112 

63.9 




Dew External Thermonetcr. 

Piiinl Nt I Rain, in Direction 

}A.M. I o 1 # inches. of the 

In do- Fahrenheit Self.regUtertng. Re^joff Wind at 

trees of ; ; Bt9A.H. 9 A.M. 

Fahr. fl A.M. 3 P.M. Lowoat. lliiheit. 


76.0 68.4 

77.7 58-1 
71.fl 60.0 

71.2 61.0 


67.2 53.2 
70.0 61.2 

70.0 54J> 

71.7 61.2 

6.1.7 54.2 

65.7 52-1 

65.0 49.6 

68.9 59.8 

69/) 62.9 

65.7 57.4 

6M.3 55.7 

65.6 56.9 

04.7 51.2 

62.8 54.2 

67.1 51.8 

61.3 54.9 

69.4 51.9 

63.3 56.4 

57.7 52.6 

59.2 50.0 
6541 4Ki) 

64.8 56.8 

65.0 48.8 

m 50.5 


75.0 
72.8 

72.7 0.014 

66.8 

71.3 
70.8 

70.6 

60.4 0.019 

66.7 

66.1 

70.2 0.072 

71.8 
68J) 

70.2 0.014 


02.0 0.101 

69.6 
66.9 

60.6 
59.» 

OOJ 0.106 
673 
66.2 

63.8 0.100 
65.0 


Clear and cloudIei»~hght wind. 
Fln«xliKht]j oTPrcaat— light breeze. 
Fine— light eIout{a-4tnmg breeze. 

{ A.M. liowering;- heavy showers— 
brisk wind. P.M. Hue. 

FIno— cloudy. 

Lowerinf-fight breeie. 

FlBO— light doudi. 
nne-light clouds. 

Fine— rloudy— light has^ 
f A.M. Lowering— heavy shower. P.M. 
t Fine— light wind. 

I Fine And clear. Thunder with ram 
I at noon. 

Cloudy— gentle wind. 

/A.M. nne-hghteloudl. F.H. Low- 
I eriiig— ehowery. 

r A.M. Overcast P.M. Fine— cloudy 
t —brisk wlmi. 

{-Brisk wind.- A.M. Fine and clear. 
4 P.M. Lowering— thunder aud IlKld- 
t tiiiiK witli rati). 

I Cloudy— light wind. In the evening 
I lightning with rain. 

Flno-.doiidy. ghoworatlhSOm. P.M. 

Une-Ught doudi-brisk wind, 
r A.M. Dull and cloudy. P.M. Fine— 
I thill difliised duutp. 

Dull and cloudy— light find. 

A.M. Lowering. P.M. Fine— ahawery. 
□oudy. 

Clear and cloudleM-hriak wind. 

A.M. Fine. P.M. Overcast 
aoudy-4Hrlik wind. 
Floe-cloudy-hryc wind. 

Fine and doudleia— fidnt ban. 

Cleudy. 

Fine— light doudi. 

Cloudy and fbggy— light ahowen. 
Cloudy-light bR«M. 



9 A.M. 

9 P.M. 

29.954 

29.940 


OBSERVAVDA. 

Height of the Cutern of the Barometer abore n Fixed Mark oa Waterloo Bridge ■•83 Act 2| in. 

abtnrc the mean lerel of the Sea (preauawd about) ■» 95 feet 

Tlic K\tcrual 'Hioniionieter 2 feut liiglier than the Baromg^ Ciatem. 

Iluight of the Roociver of the liain Gauge above the Court cf Somenet Houae *79 Aet 0 in. 

The hours of ohsci vation arc of Mean Time, the day beginning at Midnight* 

'J'lic 'nirrtnomcU'rs arc graduated by Folircnheit'a Scale. 

The Barometer is divided into inches and decimals. 
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Mean Mean 
30.U21 01.3 


04.H 

6.1.3 

30A(U 01.5 

30J251 05.8 

8(»;i01 04.9 

30.242 0;).2 

30.281 OS..”! 

29.97.*! 01.9 

29.!N)0 A'l.O 
21>.77.'i 07.1 

29.793 «J.7 

30.0. 19 03.2 

30.221 fir>.2 
30;)ori 67.2 

30.335 08.3 

JW.329 07.8 

30.229 67.2 

30.191 62.3 

29.841 58.2 

29.718 62.1 

29.499 62.2 

29J)88 605 

29.720 60.8 

99.<i'90 61.6 

29.. 595 6:i.l 

29.707 655 

29.757 61.0 

29.672 61.7 

29.794 63.8 


Mean Mean 
30.003 61.2 


iudp.’ I’uhrcnhcit. SdtragutennK 

lirveiuf — — atO.V.M 

Kilir. y A.M. 3 1'.M. HighMt. 

iiO 61.0 06.0 545 07.9 0.22.1 

59 005 67.1 52.2 09.0 0.211 

52 58.1 67.7 52.1 09.2 0.0.11 

50 50.8 00.2 55.0 00.8 

57 595 60.8 545 08.9 

50 59.2 635 50.1 61.3 

56 585 61.2 49.8 63.0 

55 58.8 62.0 55.3 0:).2 

57 62.8 63.7 565 05.0 

59.9 65.0 585 (W.? 

01 65.7 685 62.7 CJJ.5 0.128 

61 61.2 60.8 58.9 66.2 0.<KU 

.17 59.0 61.8 53.6 61.2 0.lKt9 

Sri S75 64.9 49.8 67.3 

02 63.0 67.5 59.4 09.0 0.017 

05 655 675 61.9 70.0 

59 61.2 66.8 58.5 07.8 

61 61.0 66.6 57.0 67.8 

47 555 57.H 48.8 59.;i 

50 49.8 51.8 47.7 57.2 

55 57.2 02.8 48.5 03.8 

51 50.0 59.0 53.0 01.5 

53 565 57.7 48.8 60.3 

54 50.8 585 505 62.8 

55 '5.5.2 61.1 51.2 62.8 

58 59.8 64.2 53.2 67.3 

00 00.0 0.5.8 .58.2 66.1 

60 00.3 025 55.9 63.8 

58 57.9 00.0 54.2 60.5 

59 59.8 05.1 545 65.8 0.093 


Mean Mimn Mean Mean 5Icaii Sum 
56.8 50.1 035 54.2 05.0 0.831 


56.5 05.0 

585 05.7 

62.7 69.5 

58.9 66.2 

53.6 61.2 

49.8 67.3 

59.1 69.9 

61.9 70.» 

58.5 67.8 

57.0 67.8 

48.8 59.:) 

47.7 57.2 

48.5 63.8 

53.6 01.5 

48.8 60.3 

505 62.8 

515 62.H 

53.2 67.3 

.58.2 66.1 


lUiu. ii> 

Dirortiim 



Ilf llif 


IbMiI «H 

Wiiiil^iit 





0.22.1 

NNK 

Very fiiir Mid « Iriuwliglii iluuiln. 

0.21 1 

N\K 

UiiH-.kUiuiI) 

0.0.11 

NNE 

tine— llglit clouib. 


N 

Dull and cluinl)— I ikIiI <aiiul 


NNF. 

1 A.M (liniih. I’.M Full— lihlitrloiidi 
1 — Ki'ntli* wind. 


NNK 

Lnwcring. 


N 

I'lni'— iliMid) and liosy— light hrw'*f>. 


N 

Ovm'iiiit. 


SK 

i(lti'ri.iil Hiiil iliowi'ry. htrung un- 
t Ktc Illy wind 

o.o:io 

WSW 

1 I.IIWL-III1K— l>Kl>t fiig. bhiiMi'ni and 

1 liri.k wind 

0.1 28 

s 

1 loiiili— light wiml. 

0.9.')l 

sw 

1 A M. t'ri'iiui'iit hliimprH A iKii.ti piiin 

1 wind. 1* M I'liirA hiikk nind. 

0.t«9 

NW 

I''iiiiwi'biud>— light h>g. 


W.SW 

r>iii— cloud)— hglit wind 

0.017 

NNW 

.A.M 1 ini' and rlf ar V. M. 0» iti n»l 


N 

Ikiik aiul cloud). 


NN K 

Fine— light 1 liiiid*. 


K.SF. 

il>ull— light rliiiidx. Tltniiilir niul 
) lightning with lain, In tlic I'H'iinig 


NNW 

C’ltMr and ntsiily iloudhaw brink wind 


NNK 

Cloudy and ri>iq() 


ssw 

Dull-hght wind. 


8SW 

A.M IhcrriwI. I'.M Clnar Atbiudlivn. 


8S5V 

Cloudy nnd aliowcr)— rtrr.ng wind 


SSK 

Fine and diwr— light cluuilii— •huwi rv. 


SSW 

1 l-ln.< niiil iiuirl) i luudlms— Iwiiik wind . 

1 Shiiwnrr. 


KSK 

f'lriudv and kliowrry. 


SB 

A.M. l}viTrjiit nml fliftgy PM linn 


SK 

Clear— hCAvy dowln. 


ESK 

I.owCTin|f-hiw»y roiii 

rrlniiiU. 

0.0!KI 

SSK 

p,iiL>— ovrntirrad with high Ill'll y 


Monthly Mean of the Barometer, corrected for Capillarity and reduced to 32® Falir. 


OBSERVANOA. 

Haifht of the Gatem of the Barometer aboee a Filed Mark on Waterloo Bridge H 

iibovc the moan level of the Sea {proeumed aboiil) 

The Eiternal Tliennomcter it 2 feet higher than the Barmneter Ciatenu 

Heigitt of the Receiver of the Rain Caoge above the Court of Sonuraet Houm* * 70 0 m. 

The houn of dbaervation are of Mean Utae, tha day beginniitg at Midnight. 

The Thennometera are graduated by Fahrcnbeit'a Scale. 

The Barometer is divided into inches and decimals. 
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ExteniBl Th^puiMter. 


)) 1 

29.820 

61.0 

29.817 

63.6 

«y 3 

29.939 

60.3 

29.973 

62.8 

3 

3U.252 

59.8 

304)06 

62.8 

V 1 

30.412 

57.6 

304)98 

61.4 

? 5 

30.110 

57.8 

304)39 

614) 

h c 

30.194 

51.7 

30.103 

60.7 

G 7 

29.983 

554) 

29.908 

58.8 

1) H 

29.663 

54.9 

294135 

59.1 

d 0 

29.295 

58.2 

29.261 

60.9 

10 

29.407 

574) 

29.297 

58.0 

1/ 11 

29.258 

564) 

29.253 

57.1 

9 12 

294)85 

54.8 

29.172 

57.5 

hl3 

2.04)10 

494) 

29.465 

63.3 

Gll 

29.764 

51.2 

29.806 

55.0 

)) 15 

29.944 

54.2 

29.9.T'i 

57.0 

<? Hi 

29.968 

58. 1 

29.968 

59.8 

917 

29.901 

57.2 

29.852 

59.2 

2) 18 

29,777 

.'il.l 

29.758 

58.6 

¥ 19 

29.791 

574) 

29.788 

60.5 

h 30 

29,760 

584) 

29.726 

60.7 

G21 

mH)7 

58.4 

29^51 

60.4 

y 22 

294)37 

58.4 

29,226 

59.8 

t?23 

29.186 

58.7 

29.2.')5 

594) 

^ 21 

29.6,'i3 

54.9 

29.815 

58.0 

V- 25 

:i0.082 

56.6 

30.086 

58.5 

¥ 26 

:iO.I33 

58.0 

30.059 

60.2 

It 27 

29.711 

56.0 

29.620 

59.1 

G28 

29.366 

57.0 

29.176 

51.6 

Ji 29 

29.903 

434) 

29.975 

49.7 

^ .1(1 

29.9.'>9 

43.7 

29.8.');) 

49.3 

931 

29.71.1 

50.0 

29.697 

52.6 



61.8 63.0 

58.3 52.0 

60.0 48.8 

62.3 50.8 

61.0 46.8 

58.8 46.6 

59.6 47.7 

59.0 52.7 

53.3 50.8 

51.3 47.5 

55.7 46.8 

51.6 40.8 

55.4 44.1 

60.2 49.8 

59.6 54.8 

58.0 50.7 

60.1 48.2 

61.3 53.9 

59.6 54.4 

58.7 544) 

57.4 52.2 

57.1 53.4 

57.3 50.4 

57.4 51.7 

59.2 5342 

58.8 51.7 

4.1.9 45.9 

49.2 37.9 

48.8 36.4 


6242 

59.6 
614) 

62.K 

61.4 

59.2 

6a8 

0a6 0.177 

66.7 0.192 
5442 

57.1 

61.7 

55.8 

61.3 
614) 

58.8 

60.3 

62.5 

60.1 
6042 
59.1 

58.6 0.182 

67.3 

67.8 

69.7 0.216 


48.8 

51.6 14)09 


Mdiulily Mean uf the llaroineter, corrected fur Capillarity and reduced to 32° Fobr. 


OBSEKVANDA. 


Hark and overewt-^howery. 

Flue and nearly doudkit-Uf ht fbg. 
Orercart-llghttqg. 

' r A.M. StroDR hate. F.M. Hiic-light 
I ciuudi. 

Fine— light douile— hoty. 
Fine-cloudy. 

r A.M. Strung ihg. P.M. Flue— light 
I thinrlnudi. 

t Fine— fleecy clouds. Showers In the 
t erenhig. 

tloudy— strong wind. Showery. 

Orarrost and flsgy^bowery. 
r At lih. SDm. A.M. Thunder and IIkIK. 
'I nlng, with henry rain ami strung 
C boUtenius wind. Fiiie-showcry. 
Finc-cluiidy. 


Fine-cloudy. 

Fine and clear— light clouds, 
lowering-fansk wuid. 

Gear and daudlnii. 

/ A.M. Strong haie. I* Jd. Fine— light 
1 diSiiscd ciouils. 

rpiM.H±3S3,r™* 

Showery— light fog. ^ 

Duck and orercast— han. 
rFincandrleai— lightdlisvlvingcloiids. 
I Showen In the evening. 

Cloudy— heavy sliowetsaDdbiisk wind. 
A.H.Strongfog. P.M. Fine. Showery. 
Ovarcaat and foggy-nnall rain. 

Fine— haiy. 

i A.M. Fine— Strang haic. P.M.CIoudy 
-light ebowers. 

Overcast— rreqiiont showen and 
strong niiitt»dy wind. 

AM, doudhis. P.M.OvCFCMt-huy. 
Cloudy and haiy. 

/ A.M. Cloudy and baiy. P.M. Fine 
l and clear. 


Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mmh 

Mean 

Mean 

Sum 


29.779 

5a) rG 

29.760 

58.3 

52.8 

53.3 

57.1 

40.2 

5841 

2.267 




9 A.M. 

3 P.M. 

29.722 

29.696 


Height of the Cistern of tlic Baronttter above a Fiicd Marie ob Waterloo Bridge *83 feet z} in. 

eboTc the mean level of tlie Sea (presumed about) -95 feet 

The F.xteriial 'Jliermoineter is 2 feet biglicr than tlie Barometer Cistern. 

Height of tlie Receiver of the Ruin Gauge above tlie Court of Somerset House —72 feet 0 in. 

Tlic hours of observation arc of Mean Time, the day beginning at Midnight 
Hie Thermometers are graduated hy Falirenheit's Scale. 

Tlie Barometer is divided into inches and dedmals. 
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W.m 42.7 

29.817 49.2 

30.182 44.7 

30.199 48.8 

30.302 fiO.4 
30.327 52.9 

30.205 52.9 

30.109 48.1 

29.872 50.6 

29.955 52.2 

29.963 52A 

30.155 48.7 

30.173 51.8 

30.123 52.0 

29.779 48.2 

29.458 50JI 

29.818 46.2 

30.074 46.8 

30.260 5a7 

410.185 50.2 

30.211 46.8 


29.787 34.2 

29.950 35.0 

30.285 38.9 

30A54 39.6 

30.061 4U 
29.368 43.7 

99J>12 45.6 


30.026 46.6 

29.988 50.8 

80.100 48.0 

30.141 53.0 

30.392 55.0 

80JM1 55.0 

30.180 51.4 

30.088 49.4 

99.796 52.6 

90.991 5.S.8 

29.944 55.0 

30.173 51.3 

30.151 55.6 

30.036 51.1 

29.657 49.8 

29.509 50.9 

29.840 50.7 

30.089 49.3 

30J25 5U 
30.088 5a0 

30.159 44.3 

29.749 39.7 

29.574 36.7 

29A93 36.8 

29.944 37.6 

30.333 40.8 

SOJi77 42.5 
29.917 43.7 

29.443 46.0 

29.404 47.7 


33 39.7 45.0 


50 49.8 48.7 


* -S^ 1 iHChw. 

Srlf-rrglitrrmg. Read nil 

; |Ht'lA.M 

Lowcot. HIghaL 

ofllir 
r Wind at 
. 0 A.M. 

86.9 

49.8 

NNW 

.39.0 

59.6 

NNE 

37.9 

48.8 

wsw 

42.3 

53.7 

w 

46.2 

55.8 O.ai.'i 

3V.S\V 

49.6 

54.8 0.967 

W 

49.9 

49.8 

N 

4.3.7 

48.3 9.025 

K 

45.2 

52.2 

SSK 

48.9 

52.8 0.019 

NVV 

48.0 

55.4 0.0.30 

W 

41.9 

54.2 

WSW 

42Si 

58..3 

NNW 

46.4 

47.6 0.067 

£S£ 

37.8 

46.8 0.186 

S 

4U> 

47.7 0.0 il 

ESE 

40.7 

50.0 0.0.'i5 

E 


48 47.6 44.7 


45 45.2 49.4 41.0 49.4 

60 40.6 50.2 44.6 50.2 

46 45.8 46.4 45.3 48.3 

40 40.8 39.5 31,0 41.3 

23 30.2 36.7 27.6 86.7 

25 20.0 33.7 23.8 33.7 

26 81.0 84.0 28.1 34.6 

34 84A 37.2 27.2 37.8 

39 88.7 42.7 33.6 42.7 O.l.^l 

35 34.8 43.8 33.1 43.8 

36 38.7 44JS 33.9 44.6 

43 43.0 47.7 37.8 48.3 0.319 

46 45.7 48.6 42A 52.2 


r I A.M FiiioanAclnudlMii. IMU.Ovi'r. 
1 rait Hiul hazy 

; fI.oweriiiK aiiil ftinty— alroiiK Wind. 
I Sliuwi-ry. 

^ DuU—hght cliniilii— fngRV 

Fkn^.>light cloud*— brink wind 
' Fine— li ary 

Dull— Italy. 

Dark— fogfv 

Uiiiiiually dark— attoiig haio. 

Uglitly ovcrcMl— fiiKRV. 

Oven-Mt and foggy— ahtiwcry 
Fin* and iloudlm— light fog 
A.M. White fog. F.H. kliic-haiy. 
Omraat and toggy. 

I A.M. Overrait oml foggy. P.&l. Fine 
I and nearly I londli'ii. 
livprrMt and luggy. Showery 
I^iwerkng— light fog. 

Strong fug. 

Strong hig 
Strong fug 
Overcjut and foggy. 

Hacy- light tloudi. 
j Oycrrnnt and liaiy— Light fall of »iiow 
1 at*l‘M. 

Overcut and haay. 

Fine and rioudleaa— iiaiy. 

{ ^'jjf**^*"** mow rally 

Htnmg log, 

I A.M Dciiicfog. r M. nnpandtlrmd- 
I lea*. 

i A.M. Pine and eloiullcN. P.M. rivi r- 
\ ca»t— harv. 

J Al U A.M. yiiiimt wind, l••ntlnlllllg 
1 4 hour* — Ntning ftig. I'.H. I-'liie 


Monthly Mean of tbo Barometor. oorractrd for Capillarity and iwduced to 32° Falir. 


to A.M. 3 P.M.) 

* { 29.966 29.015 $ 


OBSERVANDA. 

Il«gbt of the Ciitem of th« Daronatar above a FSiod Mark on Waterloo Bridge w'SS feet 2^ in. 

above thp naao level of the Sea (presumed about) **95 feet. 

The External Thenooroeter ia 2 feet higher than the Barometer Cistern, 

Height of the Receiver of die Rain Gauge above the Court of Somcmet House ■•79 feet 0 in. 

The hours of observation are of Mean Tinici) tbe day be|^nii!ng at Midnight. 

Ilia Thermomatara are graduated by Fahrenheit’a Seale. 

Hie Barometer it divided Into inches and decimala. 
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'Jo’clwk 

. A.M. 

1 3 o’clock, P.M. 

bh 

1 External Thsmiomoler. 




1«27. 

Deeeml). 










Rain, in 

Direction 


Uiiroui, 

Attac-li. 

TJirrta 

Baroin. 

'll 

pi 

1 fUirmlMit. 

1 Mf.nglitertn«. 

inchM. 
Read off 

of the 
Wind at 

Remarks. 



r«hr. 

0 A.M. 

ap.lf. 

Lowsit. 

Higbeit 

atSA.M. 

9 A.M. 





h 1 

28.(k;i : 

18.3 

28.871 

51.2 

48 

49.4 

51.0 

45.2 

51.8 

0.110 

sw 

GBar>>'brolLcn clouds— strong wind. 

G a 

28.138 

48.5 

28.181! 

18.8 

45 

45J 

46.3 

44.3 I 

46.3 

0.018 

w 

Overcoat and foggy— ahowery. 

0 3 

28.700 

48..3 

28.775 

49.0 

45 

40Ji 

46.7 

43.6 

50.2 

U.114 

N 

Overcoat aiul toggy. 

cf 4 

28.78H 

48.2 

28.817 

50.4 

50 

50.8 

53.7 

43.3 

53.7 

aia3 

wsw 

Overesat and Ibggy— showery. 

<? 5 

28.881 

51.0 

28.817 ' 

5.3.2 

51 

C0.8 

64.7 

48.0 

64.7 

0.016 

wsw 

Chnidy— light hnac. 

V ff 

28.845 

52.1 

28.888 

51.0 

42 

47.2 

45.8 

46.2 

47.3 

0.019 

NW 

r A.M. Clear— briak wind. Tliediiiids 
4 forming a iiecuUar arch of uiiifunn 

•i 7 

30.278 1 

40.5 

30.172 

48.7 

.37 

.37.7 

44.8 

35.2 

49.0 


WSW 

1 hriMdili-from NK to SW. P M. 
Fine— light rluuda. [C'loudlesa. 

It H 

28.871 

49-3 

28.823 

48.8 

47 

40.9 

40.7 

30.7 

40.0 

0.047 

w 

Ughdy ftveiCBib— basy. 

G 8 

28.907 

41.8 

28.782 i 

10.8 

40 

40.0 

40.7 

35.3 

61.2 


sw 

Lowerinf-lbggy. 

h 10 

28.809 

18.0 

28.507 

51.7 

51 

51.2 

52.2 

39.2 

52.6 

O.0OK 

s 

Lowering— ahoworf—atrnng wind. 

J n 

28.501! 

50J! 

38.102 

.51.7 

40 

40.1 

.50l0 

44.2 

50.7 

0.(K)5 

s 

! r A.M. rioudleas. P.M. loiwcrliig- 
1 showery— alrong wind. 

] A.M. Dark— very atrung fog. F M. 
(. Showery. 

12 

28.12,5 ; 

48.7 

29-308 

48.K 

43 

42-3 

44.7 

41.2 

45.7 

0.011 

sw 

h i;i 

28.482 

48Ji 

28.007 

40-3 

42 

42.2 

44.2 

41.2 

45.4 

0.119 

w 

Pine and douiUcaa. 

V n 

28.l(:i 

48.7 

29..130 

49.2 

40 

40,0 

48.2 

38.8 

50.2 


SS£ 

Lowering— strong wlad— «Iiower 7 . 

h 15 
01« 

28.088 

28.715 

48.7 

28.011 

28.791 

.50.3 

47 

40.8 

50.8 

42.4 

53.1 

0.1.38 

0.250 

ssw 

wsw 

Lowering— ahowery. 
i A.M. Clouilloaa. P.M.Difftiacdulouila 

50.0 

51.7 

45 

45.0 

4II.7 

44.2 

50.5 

1 —ahowery. 

)> 17 

30.217 

10.2 

.30,1,1.3 

48.3 

.38 

39.0 

15.2 

37.2 

50l7 

0.010 

wsw 

Tine and dnutlcw-tlglit haie. 

• J 18 

28.81 i 

50.2 

28.702 

.5i.;i 

51 

51.2 

52..3 

38.2 

I 52.8 

0.053 

s 

Overoflit-Abowery— btiek wiml. 

^ 18 

28-581 

52.8 

28..50i 

51.0 

53 

5,3.0 

53.2 

51.0 

54.2 

0.205 

Svar. 

C Lowering— strung boliterous windx> 
t ahowery. ' 

T|20 

28j;(iO 

52.3 

28.580 

52.7 

45 

40.2 

40.8 

45.2 

47.7 

0.194 

sw 

A.M. Cloudlcaa. P.M. r'vefaat. 

<f 21 

28,71K) 

48.7 

28.015 

,50.0 

41 

40.G 

45.7 

; 38.9 

48.7 


sw 

A.M. Cloudleaa. P.M. OvcimT: 

h 22 

28.413 

49.8 

29.50<1 

51.2 

48 

49.0 

50.8 

39.9 

50.8 

0.028 

ssw 

Lowering. 

023 

28.818 

18.2 

30.073 

48.7 

45 

46.3 

40.0 

45.1 

51.3 

0.228 

N var. 

CA.M. Cloudy— briak wind. P.M. 
t CluUlllOM. 

): 21 

28.8;!0 

48.8 

28.7.50 

51.8 

51 

51.7 

54.8 

41.7 

54.8 

0.008 

SW 

Dull-Ughioiouda. 

25 

30.350 

47.8 

30.401 

49.4 

43 

43.4 

47.2 

40.1 

47.2 

0.005 

WSW 

Ugbtly ovRcnat. 

2<! 

.30.178 

48.8 

,30.100 

.5<t.3 

47 

47.8 

48.9 

42.0 

49.1 


ssw 

A.M. Foggy. P.M. Fine— light i louda. ; 

J[27 

30.1.35 

48.7 

,30.131 

50.3 

47 

46.7 

.10.3 

43.3 

50.3 


ssw 

Fi«»— lightly orctoaA. 

9 28 

^ 30.080 

40.H 

30.057 

17.0 

,38 

38.0 

41.8 

38.2 

41.8 


N 

Strang ftig. 

T; 28 

.30.5:)0 

4.3.9 

.30.177 

41.3 

35 

3.3.3 

37.1 

33.9 

37.1 


WSW 

Strong ti«. 

030 

.30h3(!1 

11.0 

30.288 

43.8 

3(i 

30.7 

41.0 

30.8 

41.0 


ESK 

Lightly evereaat and faggy. 

)) 31 

28.825 

12.1 

28.715 

43-3 

38 

38.8 

4.3.8 

35.8 

40.2 


SSE 

A.M. Fine. P.M. Overcaab-aliowery. 


Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Mean 

Sum 




, 28.817 

18.5 

28.H2.1 

48.0 

44.0 

l.-».l 

17.7 

41.0 

49.1 

2.290 




Monthly jVIi'un of the Ikroinctcr, corrected for Capillarity ai^ reduced to 32° Fahr. 


ODSERVANDA. 

Height of the Cistern of the Barometer nhovc a Fixed Mark on Waterloo Bridge “88 feet 2f in. 

above the mean level of the Sea (presumed about) “85 feet 

Tlie lAtciiiiil 'nicrtiiomoier is 2 feet higher than the Barometer Gstem. 

Height of the Ilcccivcr of the Rain Gauge nltove the Court of Somerset House “f® ft** 8 io. 

Tlie liDun> of ol)ser\ntii)n are of Mean Time, the day beginning at Midnight. 

The Thermometers are graduated by Fahrenheit’s Scale. 

Tlie Baiometer is divided into inches and decimals. 
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A List of Public Institutions and Individuals, entitled to receive a copy of 
the Philosophical 'Pi’ansactions of each year, on nialiin#^ ;ipplication for the 
sainc directly or through their respective agents, within five years of the 
date of publication. 


In the British Dmmmons* 

The Kind's Library. 

Tlu* UritiKh Museum. 

The Bodleian Library. 

I'he RadclifTc Library. 

The Catnljridge University Library. 

7'l\c Royal Institution. 

Till* Royal College of Physicians. 

The Royal Observatory at Greenwich. 

The Society of Antiquaries of London. 

The Society for the Encouragement of Arts. 

The Astronomical Society of London. 

The Cambridge University Philosophical Society. 
J[/’«j*Gcological Society of London. 

The Horticultural Society of London. 

Tlie Linncan Society of London. 

The Royal Irish Academy. 

The Library of Trinity College, Dublin. 

The Dublin Society. 

The Royal Society of Edinburgh. 

The University of St. Andrews, 

The University of Glasgow. 

The Asiatic Society at Calcutta. 

Denmark* 

The Royal Society of Sciences at Copenhagen. 
The Royal Observatory at Altona. 

France. 

The Royal Academy of Sciences at Paris. 

The Royal Academy of Sciences at Thoulouse. 
The “Ecole des Mines’* at Paris. 

The Geographical Society at Paris. 


(hrmnny. 

I’he University at Gottingen. 

The Palatine Society at Manhcim. 

The Cu'sarcan Academy of Naturalists at Bonn. 

Italy. 

The Italian Society of Sciences at Modena. 

The Royal Academy of Sciences at Turin. 

The Netherlands. 

The Imperial Academy of Sciences at BrusseU. 
Portugal, 

The Royal Academy of Sciences at Lisbon. 
Prussia, 

The Royal Academy of Sciences at Berlin. 
Russia. 

The Imperial Academy of Sciences at St. Peters- 
burg, 

Spain. 

The Royal Academy of Sciences at Madrid. 
Sweden. 

The Royal Academy of Sciences at Stockholm. 
United States. 

The American Philosophical Society at Phila- 
delphia. 

The New York Philosopliical Society. 

The Boston Philosophical Society. 

The Library of Havard College. 

The fifty Foreign Members of the Royal Society. 
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A List of Public Institutions and Individuals entitled to receive a copy of 
the Astronomuial Observations made at the Royal Observatory at Green- 
wich, upon application for the same directly or through their respective 
Agents. 


In the British Dminims, 

The Kinpr’s Library. 

The Board of Ordnance. 

The British Museum. 

The Royal Society. 

'i'he Bodleian and Savilian Libraries, Oxford, 
'f'he Library of Trinity College, Cambridge. 
The King’s Observatory at Richmond. 

Tile Observatory at Armagh. 

'I’lie Observatory at Cambridge. 

I'he Observatory at tlie Cape of Good Hope, 
'fho Observatory at Dublin. 

'I'lie Observatory at Oxford. 

The Observatory at Paramatta. 

Tbe University of Aberdeen. 

The University of Su Andrews. 

The University of Dublin. 

'I'hc University of Edinburgh. 

'I’lie University of Glasgow. 

The Astronomical Society. 

The Royal Institution. 

The President of tlie Royal Society. 

The Secretary, and three Resident Members 
of the Board of Longitude. 

The Lowndes’ and Plumian Professors of Astro- 
nomy, Cambridge. 

'I’lie Lord Bishop of Cloyne. 

Francis Baily, Esq. 

'i'liomas Henderson, Esq. 

James South, Esq. 

Edward Troughton, Esq. 


In Foreign Countries, 

The Royal Academy of Sciences at Berlin. 

The Royal Academy of Sciences at Paris. 

The Imperial Academy of Sciences at St. Peters- 
burg. 

The Royal Academy of Sciences at Stockholm. 
The Royal Academy of Sciences at Upsal. 

The Board of Longitude at Paris. 

Tlie University of Gdtdngco. 

The University of Leyden. 

The Palatine Society at Manlieim. 

The Academy of Bologna. 

The American Academy of Science at Boston. 
The American Philosophical Society af Phila- 
delphia. 

The Library of Havard College. 

The Observatory at Abo. 

The Observatory at Altona. 

Tlie Observatory at Cadiz. 

The Observatory at Coimbra. 

Tbe Observatory at Copenhagen. 

The Observatory at Dorpat. 

Ilie Observatory at Kdnigsberg. 

The Observatory at Marseilles. 

The Observatory at Milan. 

The Observatory at Paris. 

The Observatory at Seeberg. 

The Observatory at Vienna. 

The Observatory at Wilna. 

Professor Bessel. 

Dr. William Olbers. 



Tlie President and Council of the Royal Society have directed that the disposable copies 
which remain of the volumes of the Philosophical Transactions, prior to 1816, should be 
solil at one-third of the prices uflixed at the time of publication. The undermentioned Parts 
mav accordingly be obtained of the Society’s bookseller at the annexed prices: — 
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Part II. 

0 

5 
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11. 

0 

5 

10 ! 

1808. 

— 

II. 

0 

4 

10 

180*2. 

— 

I. 

0 

3 

8 

180y. 

— 

II. 

0 

6 

10 


— 

11. 

0 

5 

10 ! 

1810. 

— 

I. 

0 

3 

4 

1803. 

— 

I. 

0 

4 

2 ij 

j 

— 

II. 

0 

4 

0 


— 

II. 

0 

4 

6 1 

1811. 

— 

1. 

0 

5 

0 

1804. 

— 

1. 

0 
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11. 

0 

5 
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— 
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0 

4 
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I. 

0 

5 

10 
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I. 

0 

3 
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— 
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0 

5 

10 


— 
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0 

3 

10 

1813. 

— 

I. 

0 

4 

8 
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I. 

0 

4 
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— 

11. 

0 

6 

0 


— 

11. 

0 

5 
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I. 
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4 

2 
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I. 
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3 
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0 

7 
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9 o'clock 

,A.M. 

Ju'rlock,P.M. 

Dew 
Point at 

External Thenunmeter. 


Direetivn 


Bamm. 

Altieli, 

'I'hcnu. 

Baroni. 

Attach. 

Therm. 

9 A.M. 
Inde. 
griTiof 
Fahr. 

Fahrenheit. 

9 A.M. 1 .) I'.M. 

Self.r(giitenng. 

Lownt.jllighrft 

inihvt 
Head niT 
at9A.M 

of the 
Wind At 

9 A.M. 

Remarki. 


41.7 29.37» 4S.8 j 

43.0 29.740 43.7 

40.7 29.682 47.7 

42.3 29A''i(; 44.8 

40.7 29.015 41.3 

40.2 29.790 40.7 

39.3 29.923 39.3 

37-3 29.899 38.7 

3G.7 29-950 30.0 

34.0 29.028 36.2 

34.2 29.525 im 

37.6 29.719 m 

43.4 29.278 44.4 

43.3 29J)13 44-3 

41.3 29.790 41.7 

39.3 29.800 40.2 

41.2 20.944 43.8 

47.8 30.177 51.0 

49.8 30.244 52.8 

51.3 ;i0.295 51.9 

48.8 30.235 50.8 

50.0 30.149 52.5 

49.1 30.282 51.8 

49.4 SOJKIl 51.7 

51.8 30.127 52.8 

49.2 30.321 5i;i 

48.0 30.409 51.0 

45.8 30-374 47.1 

40.6 30.171 48.0 

45.7 30.053 47.7 

45.7 29.968 47.8 


45.8 40.0 

37.7 43.2 

45.4 43.8 

37.1 39.0 

35.0 35.7 

30.3 37.0 

35.3 35.0 

34.3 30.R 

33.2 32.1 

30.2 31.9 
.30.0 31.9 

37.0 42.7 

40.0 45.8 

40.7 4U 

30.1 30.2 
30-3 38.2 

44.0 47.8 
.10.0 53.7 

47.7 52.8 

50.3 .11 .2 

43.0 49;i 

49.2 52.7 

40.8 fil.2 

40.0 50.8 

49.7 51.2 

42.7 48.3 

44.4 50.0 

.39i 41.1 

43.7 45.2 

42.7 45.3 j 

42.8 47.K 


38J2 46.0 ; 
.30.0 49.2 

37.2 40.8 
.^1-3 42.3 

32.6 35.8 
.34.1 37.7 

32.0 35ji 

32.7 30.8 

32.1 32-3 

28.2 31.9 

28.0 40.7 

29.8 40.2 

30.S 40.0 
39.H 41.8 

35.2 3Q,4 
.32.7 43.2 

35.4 50.0 

43.3 54.5 

45.8 5.3.K 
404 51.2 

41.7 49-3 

42-3 .13.1 

I 43.2 5U 
I 43-3 50.8 

46.1 5IJi 

41.2 48-3 

41.9 50.0 

30.7 42.H 

38.5 45-3 

38.8 45-3 


UTi'KMt and fiiKK) Stioworj 
Ovmait ShiiHpr). 

Fill? and doiidli'w. Showm 
I A.M, I'lnr— lijjht rluudi. I'.M Heavy 
I rnln-^irikk « nul, 

('Intidy^onltniiKt inuw, «illi Min 
IjiUhlly (ivnn.it— hiKitv 
()v('n.-a»lniid liui) 

Ovcrrut and Iwijr 

Ilary. A M Ovenul. I'.M ('I(>iiiIIi>m. 
( Oirn iMl and fogijv. lagtit fall of iiniw 
I aliiiKlil 

Ovcrraat. Shnwory. 

I SirnhK rng Violent wind, * itli ram 
I intliemKld. 

I-iWiTing. Surong wind, witli rain 

Ovorcnit and liijipv Ei eiiiiig Klinwi rt 

Ovncait A limy. Snow in Hie eveniiiii 

Dvcrcait mid loyti 

(Ivrrrail and foiyiy. lUm 

Oven Kit and foggy 

Fine and i Imidlma-luzy 

/AM. Cloud). I'M. Fine and nearly 

I rloudlna. 

I A M. higiilly overcait 1' M Clear 
I aiidiluudkw. 
rinc— light Ooudii. 

(A.M Dult-xfiMoIvliiKiloUili I'M 
( ( lear and i loiidle.n. 

Uverrmt and hmy 
Luwciint-liglit linie. 

Fine and i loudlioia— light hari' 

/ A M. Fine and nearly rloudleni F M 
t Uull-limy. 

Overraat and fuggy 

A.M. Fuggy. I'.H. Fine and iloinlleM. 
Fino-haiy. 

UvcitaM. llain 



Mean 

29.939 

Mean 

44.1 

Mean 

20.933 

Mean 

45.6 

Mean 

40.7 

Mean 

41.4 

Mean 

43.8 

Mean 

37J> 

Mean 

45.0 

Sum 

3.159 



Monthly Mean of the Barometer, correrU'd for Capillarity and reduced to 32^ Fotir. | 

9 A.M. 3 P.M.) 

29.912 29.902 $ 


OBSERVANDA. 


Height of the Ciitcm of the Barometer above a Fixed Mark on Waterloo Bridge 


The External Thennometer ii 2 feet higher than the Barometer Ciatem. 

-95rceu 

Height of the Receiver of the Rain Gauge above the Court of Somerset Houk 

The houn of obiervation are of Mean Time, the day beginning at MidnlgbL 

The ThermometerB arc graduated by Fahrenhrit’a Scale* 

Hio Barometer is divided into inchea and dccimali. 

■*79 feet 0 in. 


a2 
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0? I 

29.912 

yo.i2i 

49.S 

49.9 

.30.057 

30.103 

53.3 

49 

49.8 

50.8 

43.4 

52.2 

0.139 

SSW 
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29.769 


OBSERVANDA. 


Height of the Cistern of the Barometer alwvc a Fixed Mark on Waterloo Bridge »K3 feet 2^ in. 

above the mean level of the Sea (presumed about) ^05 feet. 

'Hie External Theriiioinoter is 2 feet higher than the Barometer Cistern. 

Height of Uic Receiver of the Rain Gauge above the Court of Somerset House b 79 feet 0 in. 

Tlio liours of oliservatioii are of Mean 'I'imc, the day beginning at Midnight, 
llic Tliennumeterii are graduated by Fahrenheit's Scale, 
llie Burometer is divided into inches and decimals. 
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Montlily Mean of the Barometer, corrected for Capillarity aqd reduced to 32® Falir. 


OBSERVANDA. 

Height of Uiu Cistern of the Baromeltr above a Fixed Mark on Waterloo Briilge « 83 feet 2j m. 

.above the mean level of the Sea (presumed about) •< 95 feet 

The External Thermometer is 2 feet higher than the Barometer Cistern. 

Height of the Receiver of the Rain Gauge above the Court of Somerwt House...; » 79 feet 0 in. 

The hours of observation are of Mean Time, tlie day beginning at Midnight. 

The llicrmomotcrs are graduated by Fahrenheit’s Scale. 

Tlio Barometer it divided into inches and decimals. 
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OBSERVANDA. 

Height of the CUtem of the Baromptcr above a Fixed Mark on Waterloo Bridge "M feet in. 

above the nwan level of the Sea (presumed about) *85 feet. 

'Ilic Etternal TIicnnnmetcr m 2 feet higher than the Barometer Cistern. 

Height of die Receiver of the Rain Cange above the Court of Somerset Honsc -7»feet0in. 

'file hours of observation are of Mean Time, the day beginnlAg at Midoi^t. 

Tlie Thcnpoinelcrs arc graduated by Fahrenheit’s Scale. 

I'lie Barometer is diiidcd into inches and decimals. 
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OB8ERVANDA. 

Height of the Cittern of the Barometer above a Kaed Mark on Waterloo Bridge 

above thfl mean level of the Sea (pmumed about) 

The External Tbermometer ii 2 feet higher than the Barometer Chtern* 

Height of the Beceivec of the Bain Gauge above the Court of Sontoraet Home 

1 The hours of olttervation are of Mean 'fime, tho'day begfaining afe Midnight. 

1 llio Thermometer! are graduated by Fabrenbeil's Scale. 

1 llie Barometer it divided into inchci and decimali. 

«>83feet2iin. 
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& clear. 

Fine andoln^-li^irwIndT 
f Fine and rleaiwloudy. At 26in. 
l 1*.M. Heavy nin, witn hall. 

Chiudy^iight wind. 
FimMightlni'cic. 

Fine— cloudy. 

Flnc-cloudy. 

Fine— cloudy. 

Cloudy. 

Clear and cloudlew— light wind. 

Clear and cloudline-Ught wind. 

( A.M. aoudy. P.H. Fine and clear. 
\ Brlikwind. 

I Fine— chmdv-Mik wind-ehowery. 
1 lAghtniug in the evening. 
Flne-doudy-Drbkwind. 
Flne-doudy. Light ihowotiu 
rA.M. Lowering. P.H.nnc.-lvaht 
I wind. , 

I Lightly ovemiiMmi|[ wind. 

i A.M. Heavy rain, early. J«i/’'*ar 

— cloud^.ight wind. ’ 

Cloudy, tieavr ibowm and Sequent 
thunder at ii^n. P.M. 

Fine and clean-cloudy-Hght wind. 
Fine— lightly oveieait. 

A.M. aoudkw. 

Ilnw-Ughtdouile. 
aear and doudlen-ligM wind. 
/A.M. Fine and doudlew. P.N. 
\ Ughtly ovcicMUii^twind. 
Fine-4ight eloudi-gontle wind. 

FlM and dear^-Ught elottdt. 


— am B P*M» I 

Monllily Mean of the Barometer, corrected for Capillarity and reduced to 3S® Fahr. ».»» J 


OBSEBVANDA. 

Height of Uio Ciatem of the Barometer abaca a Filed Mirk on Waterloo Bridge 

above the mean Icre I of the Sea (pienimed about) 

The external Thormometor ia B feet higher dtan the Barometer CiaUm. 

Height of the Receiver of the Rein Gauge above Om Court of Sowemt Hooee 

The hours of observation are of Mean Time, the day beginning at Midnl|^ti 
Tlie Thermometers are graduated by Febmilteit*a Scale. 

The Barometer is divided into inches and decimals. 


«8Bftet9|iD. 

-SSfteL 

■vfB fcet 0 in. 









